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Lantis
 
Happy Thanksgiving
 
Sorry I did not have more time to spend with you at SETAC.  Could you send me an electronic version of your poster? I want to share it with Marc Mills a colleague of mine. 
Also I am attaching my selenium presentation I made at SETAC that provides some background for the NRSA study that you did the musk analyses for.  Your samples were
for the urban sites only. Also you have two sets of samples we sent you, 1) that were from our Mid atlantic Great Rivers study and the other 151 plus samples from our
National Rivers and Streams Assessment study which were for urban streams only.
 
I included a sample list for you to cross check your samples. Look at the Urban sheet and you will see all the sample IDs that should match your samples.
 
I am also attaching an accepted version of a mercury paper from NRSA that should provide some good background for your musk paper.  I cced our co-authors for that
paper, Tony Olsen, John Wathen, Angela Batt and Leanne Stahl.
 
Jim
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1,924 sites on rivers within the conterminous U.S.





Fish tissue indicator collected at 542 sites on rivers > 5th order 



Represent 51,663 river miles





Selenium data- (n=541/542) sites: 	 162 Urban  

  379 Non-urban

National Rivers and Streams 
Assessment 2008/2009









 Data are
 Nationally Representative

50 analytes x 540 sites = 27,000 data points



Randomized site selection process yields data and weighted means that are representative :

Nationally

By Ecoregion (3)

Between Urban  and Non-urban sub-populations

Of predominant species 



Some unweighted site data depictions and analyses are not nationally representative.









I like to think I have seen a lot of data.  These are the most I”ve seen since the BP oil spill, and these are better data.



There are some things that can be described only by examining the site-specific data.



The weighted nationally-representative data are very exciting (OK maybe just to me), because they yield representative means and exceedance percentages of various groups and subgroups- regions, ecoregions, species, etc.  

We are very interested in the differences between urban and non-urban sites because of environmental justice implications that can be associated with this distinction.

Ecoregion distinctions are also interesting
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Mercury 

Direct Mercury Analyzer 

EPA Method 7473 

(Journal article submitted for publication)


NRSA Analyses

541 Sites

Selenium: ICP-OES
Moisture:  Karl Fisher titration
Lipids:  Gravimetric method 


21 PCB Congeners

PCB 8-209



8 PBDE Congeners

BDE 47, 66, 99,100, 138, 153, 154, 183





20 Organochlorine 
pesticides 
Aldrin
alpha-BHC
gamma-BHC
alpha-Chlordane
gamma-Chlordane
2,4'-DDD
4,4'-DDD
4,4'-DDE
2,4'-DDT



4,4'-DDT
Dieldrin 
Endosulfan II
Endrin
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Mirex
cis-Nonachlor
trans-Nonachlor
Oxychlordane

Journal article in preparation

163 urban sites

 

13 PFCs (HPLC-MS/MS)



4 synthetic musks and two of their metabolites

(Presented SETAC 2011)



Water – 54 Pharmaceuticals

Tissue – 27 sites with highest 	water concentration





 





Journal articles in preparation







NRSA Sampling Locations n = 542



Urban Site







Non-urban Site

N







Sampling conducted 2008-2009.



Single composite sample was collected from each site:

Five adult fish

Same species (ubiquitous, abundant, easily identified, consumed by humans, large)

Similar size (min>75% max). 



Fillets were composited using the batch method.

Sample Collection
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Human Health Screening Value = 6,000 ng/g



Aquatic Life Criteria Muscle  = 11,800 ng/g



1998 Department of Interior Screening Value 

	Birds = 2,400 ng/g 



Highest Concentration =  2,657 ng/g 

6 Samples >2,400 ng/g



Most < 1,000 ng/g





National estimated weighted 

mean value was 413 ng/g. 
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1 > 2,400 ng/g MD – Blue Catfish

1 > 2,400 ng/g MO – Shadow Bass

2 > 2,400 ng/g AZ – Rainbow Trout

2 > 2,400 ng/g WY – Trout/Catfish

EHIGH

Estimated weighted 

mean value 408 ng/g 

PNLOW

Estimated weighted 

mean value 421 ng/g

WMTNS

Estimated weighted 

mean value 388 ng/g
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Urban

weighted mean values 

418 ng/g

Non Urban

weighted mean values 

411 ng/g
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Perches

weighted mean values 

464 ng/g

Sunfishes

weighted mean values 

405 ng/g
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2 > 2,400 ng/g – Rainbow Trout

1 > 2,400 ng/g – Shadow Bass

Largemouth Bass

weighted mean values 

361 ng/g

Trouts

weighted mean values 

492 ng/g 
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1 > 2,400 ng/g – Shadow Bass

Catfishes

weighted mean values 

340 ng/g

Suckers

weighted mean values 

524 ng/g









Map indicating deposits of selenium in mining regions.  Light green shading indicates lower selenium concentrations, whereas darker blue shading indicates higher selenium concentrations in underlying geology. Source of Map: SAIC 2008.



1 > 2,400 ng/g MD – Blue Catfish

1 > 2,400 ng/g MO – Shadow Bass

2 > 2,400 ng/g AZ –  Rainbow Trout

2 > 2,400 ng/g WY – Trout/Catfish







Remember this is a Randomized site selection process that yields data and weighted means that are representative: Nationally, By Ecoregion (3), Between Urban  and Non-urban sub-populations, and of predominant species.

Maximum sample value was 2,657 ng/g – 6 samples > 2,400 ng/g most <1,000 ng/g



The lowest value was 51 ng/g, which was above the MDL of 18 ng/g. 



The national estimated weighted mean value was 413 ng/g. 



Urban and non-urban sites weighted mean values were 418 and 411 ng/g



Ecoregional mean values for Eastern Highlands, Plains Lowlands, and Western Mountains were 408, 421, and 388 ng/g. 





The results of this study are not surprising in that the probabilistic design provides the ability to make broad national generalizations on selenium levels in fish tissue.

A more deterministic study is likely necessary in ecoregions where selenium-enriched geology is present.

Findings
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Master List

		FW08AL025		550149		Chattahoochee River		32.433288853		-84.9669874624		2009		Largemouth bass		Urban

		FW08AL035		550539		Black Warrior River		33.2431203595		-87.5037758242		2009		Largemouth bass		Urban

		FW08AL012		548449		Elk River		34.950921774		-87.04202800		2009		Largemouth bass		Non Urban

		FW08AL012		548459		Elk River		34.950921774		-87.04202800		2009		Largemouth bass		Non Urban

		FW08AL015		549589		Murder Creek		31.0868632678		-87.0817517199		2009		Spotted bass		Non Urban

		FW08AL016		550509		Little Bear Creek		34.6950583546		-87.7620873765		2009		Largemouth bass		Non Urban

		FW08AL021		549579		Choctawhatchee River		31.3438086142		-85.6088131194		2009		Spotted bass		Non Urban

		FW08AL024		551119		Mulberry Fork		34.0037812827		-86.7411054328		2009		Freshwater drum		Non Urban

		FW08AR060		550319		Arkansas River		35.403915827		-94.3381947174		2009		Channel catfish		Urban

		FW08AL026		550029				31.1989281552		-87.9034605265		2009		Channel catfish		Non Urban

		FW08AL028		548469		Elk River		34.9086292212		-87.0622965175		2009		Largemouth bass		Non Urban

		FW08CA031		532729		Russian River		38.8162717099		-123.011192386		2008		Sacramento pikeminnow		Urban

		FW08AR003		542009		Crooked Creek		36.244689812		-92.8358351813		2009		Smallmouth bass		Non Urban

		FW08AR010		527419		Mississippi River		35.6259809245		-89.8793286303		2008		Flathead catfish		Non Urban

		FW08AR010		533709		Mississippi River		35.6259809245		-89.8793286303		2008		Flathead catfish		Non Urban

		FW08AR012		541379		White River		34.3527039424		-91.1054194689		2009		Channel catfish		Non Urban

		FW08AR014		546479		Saint Francis River		34.6950009294		-90.6458847917		2009		Blue catfish		Non Urban

		FW08AR017		550419		Saline River		33.556304426		-92.0226124733		2009		Walleye		Non Urban

		FW08AR019		542299		Fourche Lafave River		34.9288777438		-93.360684914		2009		Largemouth bass		Non Urban

		FW08AR022		547479		'''Anguille River'		34.80141980		-90.7700306555		2009		Channel catfish		Non Urban

		FW08AR024		550479		Little River		33.6170337305		-93.8600077373		2009		Largemouth bass		Non Urban

		FW08AR026		547849		Saint Francis River		35.5326437088		-90.44201227		2009		Flathead catfish		Non Urban

		FW08AR028		550459		White River		34.4341925301		-91.1668175575		2009		Channel catfish		Non Urban

		FW08AR030		550439		Ouachita River		34.3551722217		-92.8675944845		2009		Walleye		Non Urban

		FW08AR032		548359		Arkansas River		35.4276630188		-94.1445391545		2009		Flathead catfish		Non Urban

		FW08AR036		548339		Red River		33.564254781		-94.3841128624		2009		Blue catfish		Non Urban

		FW08AR037		548369		Black River		36.1044868577		-91.0878052749		2009		Flathead catfish		Non Urban

		FW08AR041		548049		White River		36.3595761801		-92.5906944465		2009		Rainbow trout		Non Urban

		FW08AR042		547889		'''Anguille River'		34.7740229751		-90.744208672		2009		Flathead catfish		Non Urban

		FW08AR043		552809		White River		35.0588228085		-91.44386670		2009		Channel catfish		Non Urban

		FW08AR052		548029		Red River		33.0455374746		-93.8287447806		2009		Blue catfish		Non Urban

		FW08AR053		534999		Black River		36.2844285073		-90.7257149253		2009		Flathead catfish		Non Urban

		FW08AR057		541999		White River		36.0632669996		-92.1111697221		2009		Largemouth bass		Non Urban

		FW08CT005		549629		Farmington River		41.8912292352		-72.6621015585		2009		Yellow perch		Urban

		FW08AR067		531349		Mississippi River		34.0173346669		-90.9879448279		2008		Flathead catfish		Non Urban

		FW08AR078		526639		Mississippi River		34.7342162376		-90.4575967147		2008		Blue catfish		Non Urban

		FW08AR087		533629		Mississippi River		33.713979063		-91.1547405856		2008		Flathead catfish		Non Urban

		FW08AR205		533619		Mississippi River		33.3205345224		-91.1684852408		2008		Flathead catfish		Non Urban

		FW08AR274		532529		Mississippi River		34.9611709796		-90.272600378		2008		Flathead catfish		Non Urban

		FW08AZ009		543419		Colorado River		36.0876646106		-111.870611311		2009		Rainbow trout		Non Urban

		FW08AZ013		556999		Colorado River		36.4334622313		-111.864092584		2009		Rainbow trout		Non Urban

		FW08AZ062		553019		Colorado River		33.4763421243		-114.605302179		2009		Flathead catfish		Non Urban

		FW08AZ062		543479		Colorado River		33.4763421243		-114.605302179		2009		Flathead catfish		Non Urban

		FW08AZ073		557009		Colorado River		36.0559301169		-111.997660327		2009		Rainbow trout		Non Urban

		FW08AZ074		550039		Cibola Valley		33.251303555		-114.672328948		2009		Flathead catfish		Non Urban

		FW08AZ077		556769		Colorado River		36.3193568888		-111.862892311		2009		Rainbow trout		Non Urban

		FW08AZ093		556029		Colorado River		36.8469470909		-111.616944109		2009		Rainbow trout		Non Urban

		FW08AZ098		557019		Colorado River		36.0984444582		-113.31689753		2009		Channel catfish		Non Urban

		FW08CT005		543939		Farmington River		41.8912292352		-72.6621015585		2009		Yellow perch		Urban

		FW08CA035		527079		Feather River		38.8083623761		-121.635207053		2008		Spotted bass		Non Urban

		FW08CA061		526989		Tuolumne River		37.596376061		-121.128761265		2008		Smallmouth bass		Non Urban

		FW08CO037		550159		Yampa River		40.4779687404		-108.9082210		2009		Smallmouth bass		Non Urban

		FW08CO046		545779		Colorado River		39.6551277853		-107.067151472		2009		Brown trout		Non Urban

		FW08CO046		545778		Colorado River		39.6551277853		-107.067151472		2009		Brown trout		Non Urban

		FW08CO062		545138		Colorado River		39.95763870		-106.549760425		2009		Mountain whitefish		Non Urban

		FW08CT006		555219		Quinebaug River		41.7827042572		-71.8958806127		2009		Largemouth bass		Urban

		FW08CT006		555189		Quinebaug River		41.7827042572		-71.8958806127		2009		Largemouth bass		Urban

		FW08CT012		556789		Connecticut River		41.71022840		-72.61802680		2009		Largemouth bass		Urban

		FW08CT015		549649		Housatonic River		41.6414045298		-73.4777940499		2009		Smallmouth bass		Urban

		FW08CT016		544289		Farmington River		41.8444769151		-72.63199590		2009		Yellow perch		Urban

		FW08CT016		556799		Farmington River		41.8444769151		-72.63199590		2009		Yellow perch		Urban

		FW08CT017		555199		Shetucket River		41.6237434887		-72.0886626132		2009		Smallmouth bass		Urban

		FW08CT018		555069		West Branch Farmington Ri		41.87091890		-72.9637326094		2009		Brown trout		Urban

		FW08CT020		527649		Housatonic River		41.574928625		-73.4153538587		2008		Smallmouth bass		Urban

		FW08CT021		556919		Connecticut River		41.952095489		-72.6085819743		2009		Yellow perch		Urban

		FW08CT022		555309		Quinebaug River		41.67571643		-71.9535992285		2009		Largemouth bass		Urban

		FW08CT025		556779		Connecticut River		41.7261643851		-72.64875830		2009		Largemouth bass		Urban

		FW08CT032		545769		Farmington River		41.8623313695		-72.6470152378		2009		Yellow perch		Urban

		FW08CT024		555089		Pawcatuck River		41.4154814631		-71.8012816091		2009		Largemouth bass		Non Urban

		FW08DE005		521009		White Clay Creek		39.7001270921		-75.6333858874		2008		Channel catfish		Urban

		FW08DE005		529559		White Clay Creek		39.7001270921		-75.6333858874		2008		Channel catfish		Urban

		FW08DE009		541879		Brandywine Creek		39.8342987397		-75.577093457		2009		Rock bass		Urban

		FW08DE010		525119		Nanticoke River		38.6181661427		-75.6309216388		2008		Largemouth bass		Urban

		FW08DE014		525179		Nanticoke River		38.6681395635		-75.5603085849		2008		Largemouth bass		Urban

		FW08FL015		547959		Withlacoochee River		28.8881722758		-82.2607327288		2009		Largemouth bass		Urban

		FW08FL032		550629		Escambia River		30.9289895919		-87.2758181251		2009		Striped mullet		Urban

		FW08FL005		542119		Ochlockonee River		30.3524343175		-84.6859155774		2009		Redear sunfish		Non Urban

		FW08FL005		542169		Ochlockonee River		30.3524343175		-84.6859155774		2009		Redear sunfish		Non Urban

		FW08FL006		535569				29.9845862121		-85.0329889824		2009		Striped mullet		Non Urban

		FW08FL006		545109				29.9845862121		-85.0329889824		2009		Striped mullet		Non Urban

		FW08FL007		547319		Kissimmee River		27.4150190629		-81.13116610		2009		Bluegill		Non Urban

		FW08FL009		542019		Suwannee River		30.4958418753		-82.7064763144		2009		Bluegill		Non Urban

		FW08FL010		542029		Suwannee River		29.7043320794		-82.937979076		2009		Striped mullet		Non Urban

		FW08ID019		546079		Spokane River		47.6964476517		-116.915278128		2009		Smallmouth bass		Urban

		FW08FL016		521379		Escambia River		30.67015100		-87.2664995381		2008		Red Ear sunfish		Non Urban

		FW08FL017		528879		Choctawhatchee River		30.7271833772		-85.825749468		2008		Redear sunfish		Non Urban

		FW08FL025		521439		Choctawhatchee River		30.9349433879		-85.8501874661		2008		Largemouth bass		Non Urban

		FW08FL026		550259		Suwannee River		30.1048764085		-83.1188381121		2009		Largemouth bass		Non Urban

		FW08FL029		527269		Choctawhatchee River		30.585512622		-85.8937980774		2008		Largemouth bass		Non Urban

		FW08IL018		527179		Kankakee River		41.1519623501		-87.9141834644		2008		Smallmouth bass		Urban

		FW08FL033		547449		Holmes Creek		30.6410200949		-85.6942483784		2009		Redear sunfish		Non Urban

		FW08GA006		535199		Alapaha River		30.7022682567		-83.03385730		2009		Redear sunfish		Non Urban

		FW08GA006		547779		Alapaha River		30.7022682567		-83.03385730		2009		Redbreast sunfish		Non Urban

		FW08GA010		547309		Alapaha River		30.81591460		-83.0166470869		2009		Largemouth bass		Non Urban

		FW08GA012		550649		Ocmulgee River		32.1430426657		-83.3811161392		2009		Channel catfish		Non Urban

		FW08GA020		542179		Chattahoochee River		31.1589878521		-85.0789075565		2009		Spotted bass		Non Urban

		FW08GA022		535189		Ochlockonee River		30.8177999104		-84.1254038837		2009		Largemouth bass		Non Urban

		FW08GA025		545719		Ogeechee River		32.51384100		-81.6101897857		2009		Redbreast sunfish		Non Urban

		FW08GA028		545439		Ocmulgee River		33.1734555597		-83.8237956665		2009		Spotted bass		Non Urban

		FW08GA030		550589		Flint River		30.9619999625		-84.5584695568		2009		Largemouth bass		Non Urban

		FW08IA022		555299		Mississippi River		42.2020003808		-90.3323062477		2009		Largemouth bass		Non Urban

		FW08IA024		541419		Des Moines River		43.4510629888		-94.8671593149		2009		Channel catfish		Non Urban

		FW08IA034		546729		Mississippi River		43.1097548122		-91.1764526157		2009		Largemouth bass		Non Urban

		FW08IA037		541529		Mississippi River		40.8746955294		-91.0480926215		2009		Largemouth bass		Non Urban

		FW08IA044		541899		South Skunk River		41.4855492061		-92.9018200775		2009		Channel catfish		Non Urban

		FW08IA049		541849		South Skunk River		41.3175405512		-92.52828670		2009		Channel catfish		Non Urban

		FW08IA053		541539		Des Moines River		40.7358450297		-91.93595300		2009		Channel catfish		Non Urban

		FW08ID013		554289		Snake River		42.57565750		-113.629209903		2009		Smallmouth bass		Non Urban

		FW08IL022		526779		Rock River		41.9000168834		-89.48214990		2008		Largemouth bass		Urban

		FW08ID020		550329		Payette River		43.9634706658		-116.18915431		2009		Mountain whitefish		Non Urban

		FW08ID026		545179		Salmon River		45.3852755503		-115.533286176		2009		Northern pikeminnow		Non Urban

		FW08ID029		550219		North Fork Payette River		44.396068963		-116.046078768		2009		Mountain whitefish		Non Urban

		FW08ID032		545229		Snake River		42.661485888		-114.662705434		2009		Mountain whitefish		Non Urban

		FW08ID037		548499		Salmon River		44.4242713934		-114.234976244		2009		Mountain whitefish		Non Urban

		FW08ID047		550119		Saint Joe River		47.3640529324		-116.683077903		2009		Largemouth bass		Non Urban

		FW08ID048		550309		Snake River		42.73850110		-114.844275777		2009		Northern pikeminnow		Non Urban

		FW08ID049		542999		Salmon River		45.396501673		-114.160445108		2009		Northern pikeminnow		Non Urban

		FW08IL009		544199		Illinois River		39.2086465811		-90.5929194362		2009		Channel catfish		Non Urban

		FW08IL009		544129		Illinois River		39.2086465811		-90.5929194362		2009		Channel catfish		Non Urban

		FW08IL012		549699		Mississippi River		37.00010810		-89.2634222354		2009		Channel catfish		Non Urban

		FW08IL013		549609		Mississippi River		40.4766888284		-91.3670358544		2009		Largemouth bass		Non Urban

		FW08IL017		528869		Fox Creek		40.7850588437		-90.1389070068		2008		Smallmouth bass		Non Urban

		FW08IL027		526789		Fox River		42.2164522483		-88.1889093681		2008		Largemouth bass		Urban

		FW08IL035		543999		Mississippi River		42.3105096368		-90.4170624202		2009		Largemouth bass		Urban

		FW08IL036		527439		Salt Creek		40.1537716174		-89.6755051109		2008		Smallmouth bass		Urban

		FW08IL029		528269				40.0632176619		-90.3072699311		2008		Channel catfish		Non Urban

		FW08IN008		529969		East Fork White River		38.8349124496		-86.5232591116		2008		Freshwater drum		Urban

		FW08IN008		527039		East Fork White River		38.8349124496		-86.5232591116		2008		Freshwater drum		Urban

		FW08IL038		532169		Sugar River		42.4948839539		-89.2656052843		2008		Northern pike		Non Urban

		FW08IL044		549599		Mississippi River		37.4255405212		-89.4332040175		2009		Channel catfish		Non Urban

		FW08IN006		542219		Wabash River		38.64279200		-87.6143834468		2009		White bass		Non Urban

		FW08IN006		541349		Wabash River		38.64279200		-87.6143834468		2009		White bass		Non Urban

		FW08IN009		521509		Saint Joseph River		41.69465250		-85.917401075		2008		Smallmouth bass		Urban

		FW08IN013		528329		Saint Joseph River		41.6752658302		-86.07585650		2008		Smallmouth bass		Urban

		FW08IN025		521419				41.6673701318		-85.9420003843		2008		Smallmouth bass		Urban

		FW08IN010		541329		White River		38.4517837426		-87.5980024307		2009		White bass		Non Urban

		FW08IN011		528069		Wabash River		40.8674648135		-85.6081796152		2008		Spotted bass		Non Urban

		FW08KS011		541489		Missouri River		39.7262441819		-94.911220938		2009		Common carp		Urban

		FW08IN015		528089		Tippecanoe River		40.9064087412		-86.71152760		2008		Walleye		Non Urban

		FW08IN017		526509		Tippecanoe River		41.1572236688		-86.5853878056		2008		Channel catfish		Non Urban

		FW08IN020		532999		Kankakee River		41.172535572		-87.3895937161		2008		Smallmouth bass		Non Urban

		FW08IN021		546769		Eel River		41.0492099489		-85.7203712162		2009		Rock bass		Non Urban

		FW08IN022		534989		White River		38.5367149684		-87.3823418291		2009		Spotted bass		Non Urban

		FW08IN024		541359		East Fork White River		38.7402599681		-86.7337717845		2009		Spotted bass		Non Urban

		FW08KS023		554759		Kansas River		39.0602729596		-94.8419496813		2009		Common carp		Urban

		FW08IN030		526599		Vermilion River		39.9689275721		-87.4721462209		2008		Freshwater drum		Non Urban

		FW08IN032		541339		East Fork White River		38.5858197252		-86.8483555235		2009		Spotted bass		Non Urban

		FW08IN033		527509				41.1726017812		-86.5170071057		2008		Smallmouth bass		Non Urban

		FW08KS007		541519		Missouri River		39.87203930		-95.02724100		2009		Common carp		Non Urban

		FW08KS010		551169		South Fork Solomon River		39.4272767566		-98.5394914703		2009		Common carp		Non Urban

		FW08KY032		521839		Ohio River		37.82503530		-87.1512719868		2008		Spotted bass		Urban

		FW08KS015		556449		Fall River		37.3975359931		-95.67976900		2009		Smallmouth bass		Non Urban

		FW08KS018		531289		Rock Creek		39.2525221063		-96.3265974142		2008		Channel catfish		Non Urban

		FW08LA029		529079		Red River		31.3741597649		-92.560852791		2008		Striped mullet		Urban

		FW08KS032		532029		Cottonwood River		38.3793918834		-96.2142048091		2009		Smallmouth buffalo		Non Urban

		FW08KS043		530559		Dragoon Creek		38.7064016653		-95.8072684367		2008		White crappie		Non Urban

		FW08KS044		545169		Smoky Hill River		38.6645530287		-98.0627698093		2009		Common carp		Non Urban

		FW08KS047		556829		Flat Rock Creek		37.5035175116		-95.1526485421		2009		Common carp		Non Urban

		FW08KS055		542109		Kansas River		39.0543522076		-95.4907436223		2009		River carpsucker		Non Urban

		FW08KS059		554769		Marais des Cygnes River		38.582714764		-95.51201470		2009		Channel catfish		Non Urban

		FW08KY002		543589				37.0807508239		-86.571572027		2009		Channel catfish		Non Urban

		FW08KY012		554439		East Fork Barren River		36.6508162328		-85.7855834525		2009		Largemouth bass		Non Urban

		FW08KY013		521689		Ohio River		37.7813970489		-88.0381919182		2008		White bass		Non Urban

		FW08KY013		526839		Ohio River		37.7813970489		-88.0381919182		2008		White bass		Non Urban

		FW08KY014		554879		North Fork Kentucky River		37.6211654383		-83.4998626551		2009		Channel catfish		Non Urban

		FW08KY016		521679		Ohio River		37.981499987		-86.0339889901		2008		White bass		Non Urban

		FW08KY017		521659		Ohio River		37.4703955744		-88.0964216056		2008		Largemouth bass		Non Urban

		FW08KY019		554409		Green River		37.2911567583		-85.5928898168		2009		Channel catfish		Non Urban

		FW08KY021		554839		Levisa Fork		37.9794283672		-82.6711199444		2009		Flathead catfish		Non Urban

		FW08KY023		554309		Rockcastle River		37.2300686488		-84.2439627591		2009		Smallmouth bass		Non Urban

		FW08KY024		554419		Drakes Creek		36.8890839192		-86.3763567415		2009		Largemouth bass		Non Urban

		FW08KY027		530859		Kentucky River		37.8854177773		-84.2463790157		2008		Largemouth Bass		Non Urban

		FW08KY029		521669		Ohio River		37.2212249726		-88.9269310386		2008		Sauger		Non Urban

		FW08KY031		554979		Rolling Fork		37.7692804326		-85.7162867288		2009		Channel catfish		Non Urban

		FW08LA044		528949		Mississippi River		32.3166809729		-90.9050832668		2008		White bass		Urban

		FW08KY033		556709		Obion Creek		36.5792262185		-89.18794060		2009		Channel catfish		Non Urban

		FW08KY034		541399		Licking River		38.4951338743		-84.1616164654		2009		Smallmouth bass		Non Urban

		FW08KY039		529379		Big South Fork Cumberland		36.868345907		-84.57814530		2009		Largemouth bass		Non Urban

		FW08KY042		556689		Little Sandy River		38.3623126835		-82.9324328099		2009		Sauger		Non Urban

		FW08KY097		529529		Mississippi River		36.5347441394		-89.4672326434		2008		Blue catfish		Non Urban

		FW08KY209		532719		Mississippi River		36.6087019423		-89.30583150		2008		Flathead catfish		Non Urban

		FW08LA011		526619		Ouachita River		32.9748015717		-92.0764396785		2008		Spotted bass		Non Urban

		FW08LA011		528019		Ouachita River		32.9748015717		-92.0764396785		2008		Spotted bass		Non Urban

		FW08LA013		525299		Red River		31.6265007544		-92.9092086935		2008		Largemouth bass		Non Urban

		FW08LA014		528109		Bayou Bartholomew		32.7846484449		-91.9573662519		2008		Spotted bass		Non Urban

		FW08LA017		527309		Black River		31.5511897825		-91.8054496108		2008		Largemouth bass		Non Urban

		FW08LA018		526519		Red River		32.0661756794		-93.4141249771		2008		Spotted bass		Non Urban

		FW08LA022		528029		Twelvemile Bayou		32.5480588089		-93.7809955787		2008		Largemouth bass		Non Urban

		FW08LA023		551659		Chevreuil, Bayou		29.8973342647		-90.68333680		2009		Spotted gar		Non Urban

		FW08LA028		528829		Mississippi River		32.6529719178		-91.1407226505		2008		White bass		Non Urban

		FW08LA067		535439		Mississippi River		30.0468963728		-90.5400485486		2008		Flathead catfish		Urban

		FW08LA030		529069		D'rbonne, Bayou		32.7123784739		-92.2788168053		2008		Largemouth bass		Non Urban

		FW08LA032		532709		Tensas River		31.7433042652		-91.5778217478		2008		White crappie		Non Urban

		FW08LA036		535399		Mississippi River		30.7550589153		-91.5955188492		2008		Blue catfish		Non Urban

		FW08LA036		535409		Mississippi River		30.7550589153		-91.5955188492		2008		Blue catfish		Non Urban

		FW08LA037		527629		Red River		31.8147320077		-93.05754150		2008		Largemouth bass		Non Urban

		FW08LA039		543349		Amite River		30.328478246		-90.843821333		2008		Spotted gar		Non Urban

		FW08LA040		543339		Lower Old River		31.0175682199		-91.6903398943		2009		Alligator gar		Non Urban

		FW08LA070		534479		Mississippi River		29.9399076495		-90.0028673064		2008		Largemouth bass		Urban

		FW08LA049		543309		Red River		31.2147817437		-92.0242841668		2009		Spotted bass		Non Urban

		FW08LA050		548649		Dorcheat, Bayou		32.5640004298		-93.3206209939		2009		Largemouth bass		Non Urban

		FW08LA051		535499		Mississippi River		30.2090219359		-91.0419661256		2008		Flathead catfish		Non Urban

		FW08LA051		535469		Mississippi River		30.2090219359		-91.0419661256		2008		Flathead catfish		Non Urban

		FW08LA059		548679		Vermilion River		29.9042714515		-92.1160033711		2009		Spotted gar		Non Urban

		FW08LA088		532159		Mississippi River		31.5396377443		-91.452605206		2008		Flathead catfish		Urban

		FW08LA068		530519		Mississippi River		30.5056571832		-91.25907430		2008		Blue catfish		Non Urban

		FW08LA131		535429		Mississippi River		30.0406580582		-90.63434836		2008		Flathead catfish		Urban

		FW08LA072		548669		Bayou Des Glaises		30.6008304725		-91.8767733056		2009		Spotted gar		Non Urban

		FW08LA073		544709		de Siard, Bayou		32.5284760387		-92.04399150		2009		Largemouth bass		Non Urban

		FW08LA134		535489		Mississippi River		29.8732241276		-89.90432110		2008		Flathead catfish		Urban

		FW08LA094		546289		de Siard, Bayou		32.5759163083		-92.0619223094		2009		Largemouth bass		Non Urban

		FW08LA099		545279				29.8187541067		-91.59191550		2009		Spotted gar		Non Urban

		FW08LA100		529869		Mississippi River		30.9972218872		-91.6424489131		2008		Blue catfish		Non Urban

		FW08LA104		526649				31.0896561161		-91.5947424908		2008		Flathead catfish		Non Urban

		FW08LA108		529189		Mississippi River		32.4096389342		-90.9959210915		2008		Blue catfish		Non Urban

		FW08LA182		535509		Mississippi River		29.8383810786		-89.9898459293		2008		Flathead catfish		Urban

		FW08LA195		535419		Mississippi River		29.9978170217		-90.4613342198		2008		Flathead catfish		Urban

		FW08LA140		543659				30.1314015242		-93.61952498		2009		Spotted gar		Non Urban

		FW08LA151		535479		Mississippi River		29.980967972		-90.8204688453		2008		Flathead catfish		Non Urban

		FW08LA152		529679		Mississippi River		31.4310636364		-91.505592814		2008		Blue catfish		Non Urban

		FW08LA160		549539		Big Choctaw Bayou		31.8792187573		-91.5433311593		2009		Spotted gar		Non Urban

		FW08LA167		532439		Mississippi River		30.1532011141		-90.9994931897		2008		Flathead catfish		Non Urban

		FW08LA180		528849		Mississippi River		30.5748944621		-91.3123690198		2008		Blue catfish		Non Urban

		FW08LA198		533849		Mississippi River		29.9210508023		-89.9279087168		2008		Flathead catfish		Urban

		FW08LA227		530489		Mississippi River		30.2670757896		-91.121714156		2008		Blue catfish		Urban

		FW08MA003		554989		Merrimack River		42.7006378633		-71.2179794062		2009		Smallmouth bass		Urban

		FW08MA005		555119		Connecticut River		42.5783639304		-72.5695784529		2009		Smallmouth bass		Urban

		FW08LA228		535449		Mississippi River		30.8366564046		-91.5236914798		2008		Blue catfish		Non Urban

		FW08MA002		526529		Taunton River		41.9617880804		-70.9197847872		2008		Yellow perch		Non Urban

		FW08MA006		526309		Taunton River		41.8749374709		-71.0939728475		2008		Largemouth bass		Urban

		FW08MA004		526409		Millers River		42.6317075111		-72.1290034427		2008		Yellow perch		Non Urban

		FW08MA007		528139		Merrimack River		42.8138073115		-71.0010049426		2008		Smallmouth bass		Urban

		FW08MA013		528009		Chicopee River		42.1588373403		-72.57665740		2008		Largemouth bass		Urban

		FW08MA017		526569		Connecticut River		42.2040246738		-72.5905423772		2008		Smallmouth bass		Urban

		FW08MA019		554959		Merrimack River		42.7103013403		-71.133985557		2009		Largemouth bass		Urban

		FW08MA021		555249		Connecticut River		42.6019143574		-72.5713326785		2009		Smallmouth bass		Urban

		FW08MA018		527639		Taunton River		41.957555583		-70.9336095344		2008		Yellow perch		Non Urban

		FW08MA023		554889		Merrimack River		42.7655313625		-71.0935137331		2009		Smallmouth bass		Urban

		FW08MA020		556889		Connecticut River		42.5441872769		-72.5627607436		2009		Smallmouth bass		Non Urban

		FW08MD008		521489		Potomac River		39.0663677396		-77.3895731275		2008		Channel catfish		Urban

		FW08MD009		526059		Potomac River		39.5985633211		-77.8846057773		2008		Channel catfish		Urban

		FW08MD006		526149		Marshyhope Creek		38.6890784275		-75.7699003441		2008		Largemouth bass		Non Urban

		FW08MD006		526129		Marshyhope Creek		38.6890784275		-75.7699003441		2008		Largemouth bass		Non Urban

		FW08MD014		526039		Potomac River		38.6517208086		-77.1245750081		2008		Largemouth bass		Urban

		FW08MD018		526009		Potomac River		38.6157975509		-77.16856030		2008		Largemouth bass		Urban

		FW08MD012		526159		Potomac River		39.1798919581		-77.5073636064		2008		Blue catfish		Non Urban

		FW08MD020		526089		Potomac River		39.4573420673		-77.7981272291		2008		Smallmouth bass		Urban

		FW08MD015		541729		Potomac River		39.624205626		-78.4292682601		2009		Channel catfish		Non Urban

		FW08MD016		541719		Conococheague Creek		39.6498575687		-77.8404754601		2009		Smallmouth bass		Non Urban

		FW08MD027		541959		North Branch Potomac Rive		39.6255381873		-78.7517628131		2009		Smallmouth bass		Urban

		FW08MD019		548259		Monocacy River		39.3218844213		-77.4120791512		2009		Channel catfish		Non Urban

		FW08ME019		531499		Saco River		43.4988544904		-70.46422890		2008		Chain pickerel		Urban

		FW08MD023		541949		North Branch Potomac Rive		39.5034471172		-78.9045319931		2009		Largemouth bass		Non Urban

		FW08MD024		521499		Potomac River		39.1848292732		-77.4862290429		2008		Largemouth bass		Non Urban

		FW08MD025		541793		Monocacy River		39.5925493131		-77.3010802605		2009		Channel catfish		Non Urban

		FW08ME026		526959		Kennebec River		44.50109400		-69.6761408074		2008		Smallmouth bass		Urban

		FW08ME005		531489		Kenduskeag Stream		44.96032770		-68.9969630617		2008		Smallmouth bass		Non Urban

		FW08ME017		529229		East Branch Penobscot Riv		45.8786662155		-68.6203433456		2008		Smallmouth bass		Non Urban

		FW08ME018		532659		Machias River		44.7373762323		-67.5498426735		2008		Smallmouth bass		Non Urban

		FW08ME027		530679		Androscoggin River		44.0030860306		-70.0986098659		2008		Smallmouth bass		Urban

		FW08ME021		529849				45.25733170		-68.9496587209		2008		Smallmouth bass		Non Urban

		FW08ME022		526889		Kennebec River		44.4215453146		-69.7056035906		2008		Smallmouth bass		Non Urban

		FW08MI019		528079		Grand River		43.0563105177		-85.59420600		2008		Smallmouth bass		Urban

		FW08MI023		527129		Saint Joseph River		42.0612714581		-86.4236950084		2008		Smallmouth bass		Urban

		FW08MI036		526579		Black River		43.0043554832		-82.5250402432		2008		Smallmouth bass		Urban

		FW08MI020		546789		Saint Clair River		42.55229660		-82.5884592057		2009		Smallmouth bass		Non Urban

		FW08MI020		546299		Saint Clair River		42.55229660		-82.5884592057		2009		Smallmouth bass		Non Urban

		FW08MI037		527489				42.3316266765		-83.0043110444		2008		Largemouth bass		Urban

		FW08MI025		550269		Pere Marquette River		43.9306402172		-86.0268710352		2009		Brown trout		Non Urban

		FW08MI026		526419		Grand River		43.022338754		-86.0239727181		2008		Smallmouth bass		Non Urban

		FW08MI028		529319		Flint River		43.3109667142		-83.9678813057		2008		Smallmouth bass		Non Urban

		FW08MI030		530549		Grand River		42.8231590197		-84.9387811266		2008		Smallmouth bass		Non Urban

		FW08MI033		530099		Grand River		42.5416670431		-84.6280276092		2008		Largemouth bass		Non Urban

		FW08MI046		532059		Muskegon River		43.420791172		-85.7933985641		2008		Smallmouth bass		Urban

		FW08MI050		525149		Thunder Bay River		45.0829049554		-83.4905581091		2008		Smallmouth bass		Urban

		FW08MI038		532629		Saint Joseph River		42.06419640		-85.147437553		2008		Largemouth bass		Non Urban

		FW08MI042		532759		Muskegon River		43.3269547312		-86.0055749581		2008		Largemouth bass		Non Urban

		FW08MI044		532229		Maple River		43.0441206645		-84.863652539		2008		Smallmouth bass		Non Urban

		FW08MI057		532879		Muskegon River		43.6756274329		-85.4699052519		2008		Smallmouth bass		Urban

		FW08MN019		529119		Mississippi River		45.2972882233		-93.5720509058		2008		Smallmouth bass		Urban

		FW08MN024		529089		Minnesota River		44.7995598237		-93.5331191321		2008		White bass		Urban

		FW08MI058		532209		Grand River		42.9421965276		-85.1856131102		2008		Smallmouth bass		Non Urban

		FW08MN013		548689		Mississippi River		44.1324418891		-91.729519574		2009		Largemouth bass		Non Urban

		FW08MN013		543959		Mississippi River		44.1324418891		-91.729519574		2009		Largemouth bass		Non Urban

		FW08MN016		550779		Big Fork River		48.4851309876		-93.722164665		2009		Northern pike		Non Urban

		FW08MN035		529799		Mississippi River		45.2342632482		-93.496364248		2008		Smallmouth bass		Urban

		FW08MN022		550399		Saint Louis River		46.9870185365		-92.8115007827		2009		Channel catfish		Non Urban

		FW08MN036		527099		Mississippi River		44.8065949776		-93.011627889		2008		Smallmouth bass		Urban

		FW08MN031		529769		Saint Croix River		45.5650917279		-92.7952983349		2008		Smallmouth bass		Non Urban

		FW08MN049		532789		Minnesota River		44.34014560		-93.9393983682		2008		Channel catfish		Urban

		FW08MN057		554449		Mississippi River		46.3331295347		-94.2326150403		2009		Smallmouth bass		Urban

		FW08MN037		525749		Maple River		43.9066845578		-94.060297267		2008		Walleye		Non Urban

		FW08MN039		550669				47.2730965729		-93.7841619228		2009		Largemouth bass		Non Urban

		FW08MN042		547339		Cloquet River		46.9481502448		-92.4322187845		2009		Smallmouth bass		Non Urban

		FW08MN045		549779		Minnesota River		44.9429927683		-95.7775732258		2009		Channel catfish		Non Urban

		FW08MO025		526289		Missouri River		38.8291194665		-90.4166140944		2009		Smallmouth buffalo		Urban

		FW08MN051		544169				45.16173920		-92.7575160375		2009		Smallmouth bass		Non Urban

		FW08MN053		550769		Mississippi River		43.8889724402		-91.3220521815		2009		Smallmouth bass		Non Urban

		FW08MN056		544669		Zumbro River		44.2385604864		-92.48208420		2009		Freshwater drum		Non Urban

		FW08MT043		532489		12345 FID00756398 Missour		47.4516097767		-111.301282325		2008		Yellow perch		Urban

		FW08MN061		550659		Minnesota River		44.5521269414		-95.0250985279		2009		Channel catfish		Non Urban

		FW08MO009		529219		Mississippi River		38.9633667804		-90.4156474242		2009		Silver carp		Non Urban

		FW08MO009		525919		Mississippi River		38.9633667804		-90.4156474242		2009		Silver carp		Non Urban

		FW08MO011		522089		Black River		37.0275413531		-90.6428188417		2008		Common carp		Non Urban

		FW08MO013		550229		Gasconade River		38.2401214184		-91.80404830		2009		Largemouth bass		Non Urban

		FW08MO014		525289		Mississippi River		39.1760523467		-90.7172226139		2009		Silver carp		Non Urban

		FW08MO015		531729		Flat Creek		36.7847693146		-93.7144287094		2009		Largemouth bass		Non Urban

		FW08MO017		530349		Gasconade River		37.5389799356		-92.3653591932		2009		Black redhorse		Non Urban

		FW08MO018		530499		Big River		37.8832499384		-90.5444203154		2009		Black redhorse		Non Urban

		FW08MO019		526239		Lamine River		38.6874410621		-92.9499195819		2009		Largemouth bass		Non Urban

		FW08MO021		550349		Big River		38.3029678545		-90.6270631865		2009		River redhorse		Non Urban

		FW08NC032		544189		Yadkin River		35.9975632493		-80.418126039		2009		Channel catfish		Urban

		FW08MO029		550209		North Moreau Creek		38.5253458161		-92.3215456339		2009		Largemouth bass		Non Urban

		FW08MO031		529249		Center Creek		37.1670210782		-94.5082082604		2009		Common carp		Non Urban

		FW08MO033		550239		Meramec River		37.9837162091		-91.3578126084		2009		Smallmouth bass		Non Urban

		FW08MO037		528239		Missouri River		38.5809074304		-90.8207505609		2009		Blue catfish		Non Urban

		FW08MO038		530359		Doolan Chute		37.0557241478		-89.38539060		2009		Channel catfish		Non Urban

		FW08MO041		521629		Current River		37.238779841		-91.3451427779		2009		Shadow bass		Non Urban

		FW08MO086		530479		Mississippi River		36.02181179		-89.6935279423		2008		Blue catfish		Non Urban

		FW08MO102		525249		Mississippi River		36.5616969518		-89.39617850		2008		Flathead catfish		Non Urban

		FW08MO103		542289				39.2011544893		-93.4303671708		2009		Golden redhorse		Non Urban

		FW08MS006		526319		Mississippi River		31.2635260678		-91.6038698686		2008		Flathead catfish		Non Urban

		FW08MS008		541919		Tombigbee River		34.0016574869		-88.5183318154		2009		Blue catfish		Non Urban

		FW08MS014		531379		Mississippi River		31.982908965		-91.1395779789		2008		White bass		Non Urban

		FW08MS016		549709		Tombigbee River		33.9137378937		-88.5310703808		2009		Largemouth bass		Non Urban

		FW08MS019		531329				34.3709247288		-90.6784206059		2008		Flathead catfish		Non Urban

		FW08MS025		547839		Pascagoula River		30.8833903352		-88.7735513906		2009		Largemouth bass		Non Urban

		FW08MS025		547819		Pascagoula River		30.8833903352		-88.7735513906		2009		Largemouth bass		Non Urban

		FW08MS042		545599		Big Black River		32.0868107669		-90.9475945315		2009		Blue catfish		Non Urban

		FW08MS050		547579		Pearl River		32.5824600366		-89.8486962757		2009		Largemouth Bass		Non Urban

		FW08MS070		529919		Mississippi River		31.3644533371		-91.4795984415		2008		Flathead catfish		Non Urban

		FW08MS083		531339		Mississippi River		33.7759007949		-91.0739544599		2008		Flathead catfish		Non Urban

		FW08MS094		533639		Old River		33.4321854236		-91.1230271842		2008		Flathead catfish		Non Urban

		FW08MS127		526489		Mississippi River		34.6059771585		-90.5824429088		2008		Flathead catfish		Non Urban

		FW08MS139		526389		Mississippi River		34.7706852357		-90.46270420		2008		Flathead catfish		Non Urban

		FW08MS147		533609		Mississippi River		33.6200694168		-91.1344283609		2008		Flathead catfish		Non Urban

		FW08MS191		526659		Mississippi River		34.1855410485		-90.87650411		2008		Flathead catfish		Non Urban

		FW08MS203		526399		Mississippi River		34.88724360		-90.2832318839		2008		Blue catfish		Non Urban

		FW08MS211		527469		Mississippi River		33.867083565		-91.0641259806		2008		Flathead catfish		Non Urban

		FW08MS238		527519		Mississippi River		33.1087443529		-91.1507241159		2008		Flathead catfish		Non Urban

		FW08MT022		549879		Clark Fork		47.066361551		-114.769850216		2009		Northern pikeminnow		Non Urban

		FW08MT025		545799		12345 FID00756398 Missour		48.0766134409		-104.391246786		2009		Channel catfish		Non Urban

		FW08MT032		548069		Tongue River		46.3596270422		-105.814048153		2009		Channel catfish		Non Urban

		FW08MT041		549909		Yellowstone River		46.86783420		-104.995202473		2009		Channel catfish		Non Urban

		FW08NC041		544649		Neuse River		35.93954300		-78.5755290903		2009		Largemouth bass		Urban

		FW08MT049		542359		12345 FID00756398 Missour		48.0052111777		-105.909229159		2009		Sauger		Non Urban

		FW08MT050		523199		Stillwater River		45.5973197817		-109.31160459		2008		Brown trout		Non Urban

		FW08MT058		549899		Sun River		47.6166609121		-112.681058787		2009		Rainbow trout		Non Urban

		FW08MT062		528619		Jefferson River		45.909362111		-111.566890199		2008		Rainbow trout		Non Urban

		FW08MT063		548039		12345 FID00756398 Missour		47.792473255		-109.276796283		2009		Sauger		Non Urban

		FW08MT087		549919				44.693960237		-111.090657555		2009		Rainbow trout		Non Urban

		FW08NC021		532049				35.4000801566		-78.7783979476		2009		Channel catfish		Non Urban

		FW08NC021		548419				35.4000801566		-78.7783979476		2009		Channel catfish		Non Urban

		FW08NC025		543949		Dan River		36.5307522585		-79.32824690		2009		Blue catfish		Non Urban

		FW08NH010		527239		Merrimack River		43.1931728813		-71.5235051861		2008		Largemouth bass		Urban

		FW08NC035		541219		Cape Fear River		34.923369932		-78.7981994796		2009		Blue catfish		Non Urban

		FW08NC037		542319		Cape Fear River		35.176076333		-78.8097367399		2009		Blue catfish		Non Urban

		FW08NC039		541469		Black River		34.5197813706		-78.256943663		2009		Largemouth bass		Non Urban

		FW08NH011		527229		Connecticut River		43.3511798162		-72.39343850		2008		Smallmouth bass		Urban

		FW08NC042		542339		Little Tennessee River		35.3512582559		-83.5072192493		2009		Channel catfish		Non Urban

		FW08NC044		541569		Tar River		35.945352858		-77.5326325176		2009		Channel catfish		Non Urban

		FW08NC049		544659		Cape Fear River		35.5944825681		-79.0520955282		2009		Largemouth bass		Non Urban

		FW08NC050		548409		Chowan River		36.4716993554		-76.9434492502		2009		Largemouth bass		Non Urban

		FW08NC055		544679		North Fork New River		36.549571048		-81.3732553831		2009		Rock bass		Non Urban

		FW08NC083		544419		Bryant Swamp		34.5349674932		-78.823375839		2009		Largemouth bass		Non Urban

		FW08NC158		551859		Grindle Creek		35.5959533909		-77.1827820496		2009		Largemouth bass		Non Urban

		FW08ND043		526469		James River		45.9788906804		-98.1675759217		2008		Channel catfish		Non Urban

		FW08ND055		521589		Red River of the North		47.2502139448		-96.8441300765		2008		Sauger		Non Urban

		FW08NE015		535829				40.7996552121		-98.4377535206		2009		River carpsucker		Non Urban

		FW08NE036		523989		Missouri River		41.939328973		-96.1447224941		2009		River carpsucker		Non Urban

		FW08NE036		542389		Missouri River		41.939328973		-96.1447224941		2009		Carpsucker		Non Urban

		FW08NE043		540269		Platte River		40.6560177308		-99.0353202609		2009		Quillback		Non Urban

		FW08NH005		521449		Connecticut River		44.2430844219		-72.0481838616		2008		Yellow perch		Non Urban

		FW08NH007		521779		Connecticut River		43.06807460		-72.448701621		2008		Smallmouth bass		Non Urban

		FW08NH009		521709		Connecticut River		43.8658088297		-72.1782225148		2008		Smallmouth bass		Non Urban

		FW08NH016		521569		Connecticut River		42.8493227188		-72.5530887446		2008		Smallmouth bass		Urban

		FW08NH017		521719		Connecticut River		43.43030270		-72.3950079387		2008		Smallmouth bass		Urban

		FW08NH018		521789		Contoocook River		43.2560426548		-71.6224954843		2008		Smallmouth bass		Urban

		FW08NJ005		550359		Raritan River		40.5088978728		-74.4661451553		2009		Channel catfish		Urban

		FW08NJ007		551879		Passaic River		40.9125093173		-74.1868363126		2009		Smallmouth bass		Urban

		FW08NH020		531149		Connecticut River		44.8733146088		-71.5295197218		2008		Smallmouth bass		Non Urban

		FW08NJ004		550339		Delaware River		41.2724234824		-74.840221171		2009		Smallmouth bass		Non Urban

		FW08NJ009		529639		Delaware River		40.3369551627		-74.9385144669		2008		Channel catfish		Urban

		FW08NJ011		548529		Passaic River		40.86289880		-74.1074486436		2009		Smallmouth bass		Urban

		FW08NJ008		529439		Delaware River		41.2501237785		-74.85554790		2008		Smallmouth bass		Non Urban

		FW08NJ013		550679		Delaware River		40.4504712532		-75.0682316597		2009		Channel catfish		Urban

		FW08NY019		526339		Chemung River		42.1460332552		-77.0540853661		2008		Smallmouth bass		Urban

		FW08NY019		531359		Chemung River		42.1460332552		-77.0540853661		2008		Smallmouth bass		Urban

		FW08NY017		532989		Chenango River		42.42297023		-75.6321732371		2008		Walleye		Non Urban

		FW08NY021		530399		Mohawk River		42.8285239881		-73.9893342438		2008		Rock bass		Urban

		FW08NY023		532589		Chenango River		42.1614404926		-75.856777587		2008		Smallmouth bass		Urban

		FW08NY028		527989		Hudson River		42.4741307078		-73.7870207682		2008		Channel catfish		Urban

		FW08NY030		529939		Olean Creek		42.0806510697		-78.4236343296		2008		Smallmouth bass		Urban

		FW08NY025		531129		Hudson River		43.248659846		-73.740769241		2008		Smallmouth bass		Non Urban

		FW08NY027		532769		Indian River		44.2592806648		-75.7674293327		2008		Brown bullhead		Non Urban

		FW08NY032		527199		Allegheny River		42.0659051673		-78.4692192101		2008		Smallmouth bass		Urban

		FW08NY034		527209		Seneca River		43.1376680498		-76.2955105545		2008		Smallmouth bass		Urban

		FW08NY037		531139		Mohawk River		42.9355753605		-74.1944499613		2008		Walleye		Urban

		FW08NY040		530419		Hudson River		43.2555280368		-73.5864012263		2008		Smallmouth bass		Urban

		FW08NY035		532099		Susquehanna River		42.0289557281		-76.3983055694		2008		Smallmouth bass		Non Urban

		FW08NY044		528439		Hudson River		42.055755619		-73.93195090		2008		Largemouth bass		Urban

		FW08NY039		535089		Chenango River		42.3477532329		-75.6964441718		2008		Smallmouth bass		Non Urban

		FW08NY049		555129				43.12145760		-75.2633206895		2009		Largemouth bass		Urban

		FW08NY050		531439		Oswego River		43.30450030		-76.3976992899		2008		Largemouth bass		Urban

		FW08NY047		545739		Grass River		44.8186406224		-75.1007825128		2009		Smallmouth Bass		Non Urban

		FW08OH012		526929		Paint Creek		39.3098238457		-82.9642969223		2008		Channel catfish		Urban

		FW08OH012		531789		Paint Creek		39.3098238457		-82.9642969223		2008		Channel catfish		Urban

		FW08NY052		549519		Oswegatchie River		44.6161292494		-75.4061501423		2009		Yellow perch		Non Urban

		FW08NY053		550199		Mohawk River		42.8954827805		-74.5093396348		2009		Smallmouth bass		Non Urban

		FW08NY064		526819		Chadakoin River		42.115469427		-79.266370366		2008		Largemouth bass		Non Urban

		FW08OH017		521869		Muskingum River		40.2661217843		-81.874113475		2008		Smallmouth bass		Urban

		FW08OH019		529209		Little Miami River		39.1361922461		-84.34205660		2008		Channel catfish		Urban

		FW08OH031		521609		Great Miami River		39.6927104346		-84.2325392457		2008		Largemouth bass		Urban

		FW08OH018		529039		Tuscarawas River		40.5812819717		-81.3951396163		2008		Smallmouth bass		Non Urban

		FW08OH033		524309		Kokosing River		40.3945966171		-82.50343680		2008		Smallmouth bass		Urban

		FW08OH021		532239		Muskingum River		39.466028628		-81.4805902086		2008		Channel catfish		Non Urban

		FW08OH023		529749		Scioto River		38.82668230		-83.01768620		2008		Channel catfish		Non Urban

		FW08OH024		532829		Sandusky River		41.0282916849		-83.2129498532		2008		Channel catfish		Non Urban

		FW08OH027		529359		Mahoning River		41.2085360544		-80.8105906665		2008		Smallmouth bass		Non Urban

		FW08OH035		521729		Great Miami River		39.9768258661		-84.1701692877		2008		Smallmouth bass		Urban

		FW08OH038		528799		Rocky River		41.4531323693		-81.823351076		2008		Smallmouth bass		Urban

		FW08OR015		532799		Rogue River		42.4132401492		-123.157974079		2008		Cutthroat trout		Urban

		FW08OR027		529659		Willamette River		44.065471238		-123.106346285		2008		Northern pikeminnow		Urban

		FW08OH040		554729		Tymochtee Creek		40.83279100		-83.3595268841		2009		White crappie		Non Urban

		FW08OK014		532019		Cimarron River		36.00645377		-97.3311830616		2009		Channel catfish		Non Urban

		FW08OK018		554659		Chikaskia River		36.95800160		-97.4219204089		2009		White crappie		Non Urban

		FW08OK022		545259		North Canadian River		35.3993595105		-95.7926483889		2009		Channel catfish		Non Urban

		FW08OK034		550499		Red River		33.912216284		-95.5493599764		2009		Blue catfish		Non Urban

		FW08OK043		554459		Canadian River		34.9004548855		-96.7740171117		2009		Channel catfish		Non Urban

		FW08OK050		551989		Red River		33.9145112172		-95.11879140		2009		Blue catfish		Non Urban

		FW08OK058		540809		Poteau River		35.2272381672		-94.5374863184		2009		Flathead catfish		Non Urban

		FW08OK062		541299		Verdigris River		36.1090538914		-95.5689395746		2009		Channel catfish		Non Urban

		FW08OR011		541249		Siuslaw River		43.9912715155		-123.664332508		2009		Largescale sucker		Non Urban

		FW08OR012		541269		Sandy River		45.3953544165		-122.149369214		2009		Mountain whitefish		Non Urban

		FW08OR014		545329		McKenzie River		44.1679542591		-122.249672908		2009		Mountain whitefish		Non Urban

		FW08OR028		528409		Tualatin River		45.48477820		-122.9599350		2009		Carp		Urban

		FW08OR016		532679		South Santiam River		44.4907093376		-122.813715436		2008		Cutthroat trout		Non Urban

		FW08OR025		544979		Snake River		45.5755830844		-116.487489113		2009		Smallmouth bass		Non Urban

		FW08OR026		528779		Crooked River		44.2475263395		-120.859466363		2009		Mountain whitefish		Non Urban

		FW08OR028		528769		Tualatin River		45.48477820		-122.9599350		2009		Carp		Urban

		FW08OR060		521459		North Santiam River		44.7792412284		-122.8164740		2008		Mountain whitefish		Urban

		FW08PA019		554259		Susquehanna River		40.4917972684		-76.9481287603		2009		Smallmouth bass		Urban

		FW08OR030		554709		Sprague River		42.4620636132		-121.468827265		2009		Smallmouth bass		Non Urban

		FW08OR033		541429		Malheur River		43.7708369719		-118.048972809		2009		Northern pikeminnow		Non Urban

		FW08OR037		541279		John Day River		45.5325191648		-120.358032147		2009		Smallmouth bass		Non Urban

		FW08OR044		528379		North Santiam River		44.752692373		-122.514052897		2008		Mountain whitefish		Non Urban

		FW08OR046		554719		Sprague River		42.5995531095		-121.761677447		2009		Yellow perch		Non Urban

		FW08OR049		541439		Owyhee River		43.0527714852		-117.694337059		2009		Smallmouth bass		Non Urban

		FW08OR051		526809				44.3165076199		-123.218631758		2008		Northern pikeminnow		Non Urban

		FW08OR057		546409		Grande Ronde River		45.930818784		-117.455339397		2009		Smallmouth bass		Non Urban

		FW08OR058		529689		McKenzie River		44.1464109277		-122.577045561		2008		Mountain Whitefish		Non Urban

		FW08OR058		526719		McKenzie River		44.1464109277		-122.577045561		2008		Mountain Whitefish		Non Urban

		FW08OR059		527139		Umpqua River		43.5775336629		-123.5016590		2008		Smallmouth bass		Non Urban

		FW08PA020		556659		Beaver River		40.9310747489		-80.3739633072		2009		Channel catfish		Urban

		FW08OR061		529579		Middle Fork John Day Rive		44.8850214932		-119.149039286		2009		Largescale sucker		Non Urban

		FW08OR064		544839		Snake River		45.286944959		-116.672223496		2009		Smallmouth bass		Non Urban

		FW08OR099		541239		Siletz River		44.7317897584		-123.916957582		2009		Smallmouth bass		Non Urban

		FW08PA015		535069		Clarion River		41.419915633		-78.747752092		2009		Smallmouth bass		Non Urban

		FW08PA015		555999		Clarion River		41.419915633		-78.747752092		2009		Smallmouth bass		Non Urban

		FW08PA016		542329		Allegheny River		41.4751584481		-79.5179324254		2009		Smallmouth bass		Non Urban

		FW08PA016		534839		Allegheny River		41.4751584481		-79.5179324254		2009		Smallmouth bass		Non Urban

		FW08PA017		547949		Tioga River		41.9225841852		-77.1292267517		2009		Chain pickerel		Non Urban

		FW08PA021		547899		Susquehanna River		41.9698957868		-76.5119155764		2009		Smallmouth bass		Urban

		FW08PA030		541409		Schuylkill River		40.1431790941		-75.5102616287		2009		Smallmouth bass		Urban

		FW08PA035		530509		West Branch Susquehanna R		40.8857162244		-76.8015057515		2008		Smallmouth bass		Urban

		FW08PA023		527669		Pine Creek		41.2887074081		-77.3412322705		2008		Smallmouth bass		Non Urban

		FW08PA036		550189		Shenango River		41.2433251079		-80.5093664527		2009		Smallmouth bass		Urban

		FW08RI003		555279		Seekonk River		41.8801381803		-71.3813036759		2009		Smallmouth bass		Urban

		FW08RI004		555099		Pawcatuck River		41.3935401631		-71.8408038427		2009		White sucker		Urban

		FW08PA038		547749		Frankstown Branch Juniata		40.551950437		-78.0930174538		2009		Smallmouth bass		Non Urban

		FW08RI004		556639		Pawcatuck River		41.3935401631		-71.8408038427		2009		White sucker		Urban

		FW08RI005		545359		Pawtuxet River		41.7154693785		-71.5036669593		2009		Largemouth bass		Urban

		FW08RI006		544499		Blackstone River		41.9903568767		-71.4917553745		2009		Yellow perch		Urban

		FW08RI009		554779		Pawtuxet River		41.7195959825		-71.4710211184		2009		Largemouth bass		Urban

		FW08RI010		545729		Blackstone River		41.9716682187		-71.4697525478		2009		White sucker		Urban

		FW08RI007		556619		Pawcatuck River		41.4100168063		-71.842469621		2009		Largemouth bass		Non Urban

		FW08RI008		554949		Pawcatuck River		41.4284225364		-71.7211944184		2009		White sucker		Non Urban

		FW08RI013		554799		Pawtuxet River		41.7582853755		-71.4401426564		2009		White sucker		Urban

		FW08SC008		544139		Catawba River		34.9506326785		-80.9231902078		2009		Channel catfish		Urban

		FW08RI011		556609		Pawcatuck River		41.41502210		-71.8255981091		2009		Largemouth bass		Non Urban

		FW08SC013		541769		Saluda River		34.6429931357		-82.4539717444		2009		Largemouth bass		Urban

		FW08RI016		555209		Wood River		41.5065386947		-71.7122843833		2009		White sucker		Non Urban

		FW08SC002		545059		Waccamaw River		33.8839072093		-78.7847411815		2009		Largemouth bass		Non Urban

		FW08SC003		551819		Great Pee Dee River		33.9090947095		-79.44029920		2009		Blue catfish		Non Urban

		FW08SC004		551809		Wateree River		34.126220836		-80.6503139895		2009		Largemouth bass		Non Urban

		FW08SC007		546969				34.0305123296		-79.7231244513		2009		Largemouth bass		Non Urban

		FW08SC014		545039		Waccamaw River		33.561708535		-79.0867859944		2009		Largemouth bass		Urban

		FW08SC012		545019		Wateree River		33.89327980		-80.6245468067		2009		Largemouth bass		Non Urban

		FW08SC015		553299		Savannah River		33.61109176		-82.1624283754		2009		Largemouth bass		Urban

		FW08SC019		551829		Black Creek		34.24265760		-79.73192770		2009		Channel catfish		Urban

		FW08SC026		545079		Waccamaw River		33.4476948568		-79.1721730287		2009		Largemouth bass		Urban

		FW08SC018		541779		Santee River		33.499510132		-80.1098664636		2009		Largemouth bass		Non Urban

		FW08SD075		550809		Bad River		44.3447831688		-100.371266704		2009		River carpsucker		Urban

		FW08SC021		541889		Saluda River		34.1666483173		-81.77385210		2009		Largemouth bass		Non Urban

		FW08SC023		549969		Great Pee Dee River		34.4765514817		-79.7324218225		2009		Blue catfish		Non Urban

		FW08SD075		551459		Bad River		44.3447831688		-100.371266704		2009		River carpsucker		Urban

		FW08SC030		549979		Waccamaw River		33.9000173342		-78.8569518363		2009		Largemouth bass		Non Urban

		FW08SD042		548059		Missouri River		42.8542015822		-97.2801582122		2009		River redhorse		Non Urban

		FW08TN012		547939		Tennessee River		35.10400990		-85.36090470		2009		Largemouth bass		Urban

		FW08TN018		527569		Cumberland River		36.1996932927		-86.67293380		2008		Largemouth bass		Urban

		FW08TN010		527009		Cumberland River		36.6063734509		-85.5050406732		2008		Largemouth bass		Non Urban

		FW08TN011		532149		French Broad River		35.951449473		-83.5506594668		2008		Largemouth bass		Non Urban

		FW08TN037		556719		Wolf River		35.1042226084		-89.7703676939		2009		Channel catfish		Urban

		FW08TN016		550709				35.2105587324		-88.9237252582		2009		Largemouth bass		Non Urban

		FW08TN017		532869		Mississippi River		36.2461292622		-89.6403505509		2008		Channel catfish		Non Urban

		FW08TN017		529059		Mississippi River		36.2461292622		-89.6403505509		2008		Channel catfish		Non Urban

		FW08TN039		523839		Tennessee River		35.7537237284		-84.3107412615		2009		Largemouth bass		Urban

		FW08TN027		528909		French Broad River		35.9522135533		-83.795804971		2008		Channel catfish		Non Urban

		FW08TN032		550739		Hatchie River		35.3510357339		-89.0288435594		2009		Channel catfish		Non Urban

		FW08TN033		550729		Obion River		36.1848578359		-89.3817693449		2009		Channel catfish		Non Urban

		FW08TN085		529909		Mississippi River		35.2196727413		-90.0727787823		2008		Blue catfish		Urban

		FW08TN097		526679		Mississippi River		35.6762751923		-89.9377252862		2008		Blue catfish		Urban

		FW08TN040		530749		Elk River		35.1441934463		-86.3486871656		2009		Largemouth bass		Non Urban

		FW08TN049		532139		Mississippi River		36.0729666581		-89.6802395841		2008		Blue catfish		Non Urban

		FW08TN081		529839		Mississippi River		36.4728993229		-89.4374083545		2008		Flathead catfish		Non Urban

		FW08TN261		533649		Mississippi River		35.1475037879		-90.0654728978		2008		Flathead catfish		Urban

		FW08TX030		523799		Grande, Rio		25.848932975		-97.4399603168		2009		Common snook		Urban

		FW08TN177		527599		Mississippi River		35.7838142194		-89.7631153717		2009		Blue catfish		Non Urban

		FW08TX038		530389		Grande, Rio		26.2351988619		-98.5471929463		2009		Largemouth bass		Urban

		FW08TX022		526069		Grande, Rio		26.0450175556		-97.7964060571		2009		Largemouth bass		Non Urban

		FW08TX059		526169		Brazos River		31.550414991		-97.0917420799		2009		Largemouth bass		Urban

		FW08TX037		526029		Trinity River		30.579729765		-94.9979138737		2009		Spotted bass		Non Urban

		FW08VT011		532079		Winooski River		44.4891328059		-73.1483210128		2008		Smallmouth bass		Urban

		FW08TX042		526099		Nueces River		28.3021055871		-98.0581538526		2008		Largemouth bass		Non Urban

		FW08TX043		526079		Medina River		29.2389273732		-98.4516845157		2008		Spotted bass		Non Urban

		FW08TX050		522609		Grande, Rio		28.9504206203		-100.649365809		2009		Spotted gar		Non Urban

		FW08TX053		521409		Neches River		31.9345342314		-95.433359846		2008		Spotted bass		Non Urban

		FW08VT016		529879		White River		43.6597703145		-72.3397363524		2008		Rainbow trout		Urban

		FW08TX061		553379		Sulphur River		33.2942396897		-94.0590169405		2009		Channel catfish		Non Urban

		FW08UT014		544449		San Juan River		37.223717687		-109.208693513		2009		Channel catfish		Non Urban

		FW08UT022		526669		Colorado River		39.0897462158		-109.10163506		2008		Channel catfish		Non Urban

		FW08UT023		545389		Colorado River		38.3528030825		-109.753464447		2009		Common carp		Non Urban

		FW08UT030		551919		San Juan River		37.2750305792		-109.437071193		2009		Channel catfish		Non Urban

		FW08UT039		545399		Colorado River		38.1567028891		-109.931976268		2009		Common carp		Non Urban

		FW08UT042		542189		Green River		38.8372845057		-110.1423380		2009		Channel catfish		Non Urban

		FW08UT046		551929		San Juan River		37.1943959358		-109.733481051		2009		Channel catfish		Non Urban

		FW08UT047		555319		Green River		39.7372326688		-109.950235092		2009		Channel catfish		Non Urban

		FW08UT054		526369		Colorado River		38.6966570749		-109.411336201		2008		Channel catfish		Non Urban

		FW08UT055		542159		Green River		38.7140287174		-110.100331599		2009		Channel catfish		Non Urban

		FW08UT060		551889		Green River		40.491446773		-109.176670396		2009		Smallmouth bass		Non Urban

		FW08VA020		542569		Banister River		36.7620295251		-78.87141820		2009		Blue catfish		Non Urban

		FW08VA022		523179		North River		38.3056160784		-78.900908441		2008		Rock bass		Non Urban

		FW08VA026		527159		James River		37.5932826071		-79.38320510		2008		Rock bass		Non Urban

		FW08VA032		549449		Nottoway River		36.9304771793		-77.2029267336		2009		Largemouth bass		Non Urban

		FW08VA035		542729		Rappahannock River		38.3481647544		-77.570999946		2009		Channel catfish		Non Urban

		FW08VA038		549439		Roanoke River		37.1221926894		-79.3535900477		2009		Smallmouth bass		Non Urban

		FW08VA041		541659		Clinch River		36.61998740		-82.8210216399		2009		Rock bass		Non Urban

		FW08VT006		529169		Connecticut River		42.7933701591		-72.5247676307		2008		Largemouth bass		Non Urban

		FW08VT018		527479		Winooski River		44.3182327735		-72.7269363919		2008		Brown trout		Urban

		FW08VT013		528919		White River		43.7974871172		-72.500903144		2008		Rainbow trout		Non Urban

		FW08VT014		530669		Winooski River		44.42187290		-73.0153797587		2008		Rainbow trout		Non Urban

		FW08WI029		531159		Mississippi River		42.5313655686		-90.64118180		2008		Largemouth bass		Urban

		FW08WI034		531209		Wisconsin River		44.9780791883		-89.6304483311		2008		Smallmouth bass		Urban

		FW08WA016		545209		Columbia River		45.698609989		-120.417531429		2009		Smallmouth bass		Non Urban

		FW08WA017		523319		Skagit River		48.5237348508		-122.053437941		2009		Mountain whitefish		Non Urban

		FW08WA022		551849		South Fork Skykomish Rive		47.7289161895		-121.427564513		2009		Mountain whitefish		Non Urban

		FW08WA041		529759		Columbia River		45.91402590		-122.809680283		2009		Largescale sucker		Non Urban

		FW08WA044		556049		Yakima River		46.4044217551		-120.289587501		2009		Mountain whitefish		Non Urban

		FW08WI048		530449		Oconto River		44.8834586456		-87.85719940		2008		Smallmouth bass		Urban

		FW08WV010		521849		Ohio River		39.3987267938		-81.4190801574		2008		Largemouth bass		Urban

		FW08WI036		530409		Wolf River		45.079596345		-88.623943008		2008		Smallmouth bass		Non Urban

		FW08WI045		542989		Buffalo River		44.3611278477		-91.9107473214		2009		Walleye		Non Urban

		FW08WV013		525969		Kanawha River		38.3299179883		-81.5852680142		2008		Smallmouth bass		Urban

		FW08WI054		521739		Kickapoo River		43.3077700406		-90.8548505306		2008		Smallmouth bass		Non Urban

		FW08WI056		545449		Fox River		43.8234414602		-89.1683125627		2009		Walleye		Non Urban

		FW08WV005		526589		Tug Fork		37.5413611926		-82.0336111571		2008		Largemouth bass		Non Urban

		FW08WV006		529999		Hughes River		39.1314280407		-81.3443372841		2008		Sauger		Non Urban

		FW08WV007		532649		Ohio River		39.9187733564		-80.7968311744		2008		Smallmouth bass		Non Urban

		FW08WV008		521889		Elk River		38.5880857266		-80.8945234412		2008		Largemouth bass		Non Urban

		FW08WV008		535179		Elk River		38.5880857266		-80.8945234412		2008		Smallmouth bass		Non Urban

		FW08WV009		528059		Guyandotte River		38.3571115304		-82.2241461137		2008		Smallmouth bass		Non Urban

		FW08WV014		528349		Kanawha River		38.8170949415		-82.1004110607		2008		Spotted bass		Urban

		FW08WV027		525189		Monongahela River		39.6484253485		-79.9874665129		2008		Largemouth bass		Urban

		FW08WV029		521829		Pocatalico River		38.4540598491		-81.7807481372		2008		White crappie		Urban

		FW08WV030		521859		Ohio River		38.9676668805		-82.0923231073		2008		Largemouth bass		Urban

		FW08WV034		526849		Ohio River		39.5714407419		-80.9923780654		2009		Smallmouth bass		Urban

		FW08WY039		550129		North Platte River		42.8288369869		-106.366789305		2009		Rainbow trout		Urban

		FW08WV031		549949		South Branch Potomac Rive		39.2768083637		-78.8117521372		2009		Smallmouth bass		Non Urban

		FW08WV031		544569		South Branch Potomac Rive		39.2768083637		-78.8117521372		2009		Smallmouth bass		Non Urban

		FW08WV032		526629		Greenbrier River		37.7300993781		-80.59442620		2009		Smallmouth bass		Non Urban

		FW08WV033		521809		Tug Fork		37.6003421406		-82.1568337429		2008		Smallmouth bass		Non Urban

		NRSA Master Fish Tissue Sample List (Valid Probability Samples)

		FW08WY016		545549		North Platte River		42.8520181403		-106.185853819		2009		Rainbow trout		Non Urban

		FW08WY016		544099		North Platte River		42.8520181403		-106.185853819		2009		Rainbow trout		Non Urban

		FW08WY021		543119		North Fork Shoshone River		44.47896710		-109.383026912		2009		Rainbow trout		Non Urban

		FW08WY029		547729		Nowood River		44.2644504756		-107.900914262		2009		Channel catfish		Non Urban

		Site ID		Sample ID		River Name		Lat		Long		Year		Species		Urban/Non Urban

		FW08WY040		547429		Green River		41.9662138213		-110.000730254		2009		Brown trout		Non Urban

		FW08WY044		551939		Greys River		42.8129911209		-110.689021287		2009		Mountain whitefish		Non Urban

		FW08WY047		547419		North Platte River		41.6383835623		-106.937844403		2009		Brown trout		Non Urban

		FW08WY052		551839				42.8758091926		-110.03317785		2009		Mountain whitefish		Non Urban

		FW08WY068		547739		New Fork River		42.5624627527		-109.933649751		2009		Mountain whitefish		Non Urban





Urban Samples

		NRSA Master Urban Fish Tissue Sample List (Valid Probability Samples)

		Site ID		Sample ID		River Name		Lat		Long		Year		Species		Urban/Non Urban

		FW08AL025		550149		Chattahoochee River		32.433288853		-84.9669874624		2009		Largemouth bass		Urban

		FW08AL035		550539		Black Warrior River		33.2431203595		-87.5037758242		2009		Largemouth bass		Urban

		FW08AR060		550319		Arkansas River		35.403915827		-94.3381947174		2009		Channel catfish		Urban

		FW08CA031		532729		Russian River		38.8162717099		-123.011192386		2008		Sacramento pikeminnow		Urban

		FW08CT005		549629		Farmington River		41.8912292352		-72.6621015585		2009		Yellow perch		Urban

		FW08CT005		543939		Farmington River		41.8912292352		-72.6621015585		2009		Yellow perch		Urban

		FW08CT006		555219		Quinebaug River		41.7827042572		-71.8958806127		2009		Largemouth bass		Urban

		FW08CT006		555189		Quinebaug River		41.7827042572		-71.8958806127		2009		Largemouth bass		Urban

		FW08CT012		556789		Connecticut River		41.71022840		-72.61802680		2009		Largemouth bass		Urban

		FW08CT015		549649		Housatonic River		41.6414045298		-73.4777940499		2009		Smallmouth bass		Urban

		FW08CT016		544289		Farmington River		41.8444769151		-72.63199590		2009		Yellow perch		Urban

		FW08CT016		556799		Farmington River		41.8444769151		-72.63199590		2009		Yellow perch		Urban

		FW08CT017		555199		Shetucket River		41.6237434887		-72.0886626132		2009		Smallmouth bass		Urban

		FW08CT018		555069		West Branch Farmington Ri		41.87091890		-72.9637326094		2009		Brown trout		Urban

		FW08CT020		527649		Housatonic River		41.574928625		-73.4153538587		2008		Smallmouth bass		Urban

		FW08CT021		556919		Connecticut River		41.952095489		-72.6085819743		2009		Yellow perch		Urban

		FW08CT022		555309		Quinebaug River		41.6757164251		-71.9535992285		2009		Largemouth bass		Urban

		FW08CT025		556779		Connecticut River		41.7261643851		-72.64875830		2009		Largemouth bass		Urban

		FW08CT032		545769		Farmington River		41.8623313695		-72.6470152378		2009		Yellow perch		Urban

		FW08DE005		521009		White Clay Creek		39.7001270921		-75.6333858874		2008		Channel catfish		Urban

		FW08DE005		529559		White Clay Creek		39.7001270921		-75.6333858874		2008		Channel catfish		Urban

		FW08DE009		541879		Brandywine Creek		39.8342987397		-75.577093457		2009		Rock bass		Urban

		FW08DE010		525119		Nanticoke River		38.6181661427		-75.6309216388		2008		Largemouth bass		Urban

		FW08DE014		525179		Nanticoke River		38.6681395635		-75.5603085849		2008		Largemouth bass		Urban

		FW08FL015		547959		Withlacoochee River		28.8881722758		-82.2607327288		2009		Largemouth bass		Urban

		FW08FL032		550629		Escambia River		30.9289895919		-87.2758181251		2009		Striped mullet		Urban

		FW08ID019		546079		Spokane River		47.6964476517		-116.915278128		2009		Smallmouth bass		Urban

		FW08IL018		527179		Kankakee River		41.1519623501		-87.9141834644		2008		Smallmouth bass		Urban

		FW08IL022		526779		Rock River		41.9000168834		-89.4821498961		2008		Largemouth bass		Urban

		FW08IL027		526789		Fox River		42.2164522483		-88.1889093681		2008		Largemouth bass		Urban

		FW08IL035		543999		Mississippi River		42.3105096368		-90.4170624202		2009		Largemouth bass		Urban

		FW08IL036		527439		Salt Creek		40.1537716174		-89.6755051109		2008		Smallmouth bass		Urban

		FW08IN008		529969		East Fork White River		38.8349124496		-86.5232591116		2008		Freshwater drum		Urban

		FW08IN008		527039		East Fork White River		38.8349124496		-86.5232591116		2008		Freshwater drum		Urban

		FW08IN009		521509		Saint Joseph River		41.69465250		-85.917401075		2008		Smallmouth bass		Urban

		FW08IN013		528329		Saint Joseph River		41.6752658302		-86.07585650		2008		Smallmouth bass		Urban

		FW08IN025		521419				41.6673701318		-85.9420003843		2008		Smallmouth bass		Urban

		FW08KS011		541489		Missouri River		39.7262441819		-94.911220938		2009		Common carp		Urban

		FW08KS023		554759		Kansas River		39.0602729596		-94.8419496813		2009		Common carp		Urban

		FW08KY032		521839		Ohio River		37.82503530		-87.1512719868		2008		Spotted bass		Urban

		FW08LA029		529079		Red River		31.3741597649		-92.560852791		2008		Striped mullet		Urban

		FW08LA044		528949		Mississippi River		32.3166809729		-90.9050832668		2008		White bass		Urban

		FW08LA067		535439		Mississippi River		30.0468963728		-90.5400485486		2008		Flathead catfish		Urban

		FW08LA070		534479		Mississippi River		29.9399076495		-90.0028673064		2008		Largemouth bass		Urban

		FW08LA088		532159		Mississippi River		31.5396377443		-91.452605206		2008		Flathead catfish		Urban

		FW08LA131		535429		Mississippi River		30.0406580582		-90.63434836		2008		Flathead catfish		Urban

		FW08LA134		535489		Mississippi River		29.8732241276		-89.90432110		2008		Flathead catfish		Urban

		FW08LA182		535509		Mississippi River		29.8383810786		-89.9898459293		2008		Flathead catfish		Urban

		FW08LA195		535419		Mississippi River		29.9978170217		-90.4613342198		2008		Flathead catfish		Urban

		FW08LA198		533849		Mississippi River		29.92105080		-89.9279087168		2008		Flathead catfish		Urban

		FW08LA227		530489		Mississippi River		30.2670757896		-91.121714156		2008		Blue catfish		Urban

		FW08MA003		554989		Merrimack River		42.7006378633		-71.2179794062		2009		Smallmouth bass		Urban

		FW08MA005		555119		Connecticut River		42.5783639304		-72.5695784529		2009		Smallmouth bass		Urban

		FW08MA006		526309		Taunton River		41.8749374709		-71.0939728475		2008		Largemouth bass		Urban

		FW08MA007		528139		Merrimack River		42.8138073115		-71.0010049426		2008		Smallmouth bass		Urban

		FW08MA013		528009		Chicopee River		42.1588373403		-72.57665740		2008		Largemouth bass		Urban

		FW08MA017		526569		Connecticut River		42.2040246738		-72.5905423772		2008		Smallmouth bass		Urban

		FW08MA019		554959		Merrimack River		42.7103013403		-71.133985557		2009		Largemouth bass		Urban

		FW08MA021		555249		Connecticut River		42.6019143574		-72.5713326785		2009		Smallmouth bass		Urban

		FW08MA023		554889		Merrimack River		42.7655313625		-71.0935137331		2009		Smallmouth bass		Urban

		FW08MD008		521489		Potomac River		39.0663677396		-77.3895731275		2008		Channel catfish		Urban

		FW08MD009		526059		Potomac River		39.5985633211		-77.8846057773		2008		Channel catfish		Urban

		FW08MD014		526039		Potomac River		38.6517208086		-77.1245750081		2008		Largemouth bass		Urban

		FW08MD018		526009		Potomac River		38.6157975509		-77.16856030		2008		Largemouth bass		Urban

		FW08MD020		526089		Potomac River		39.4573420673		-77.7981272291		2008		Smallmouth bass		Urban

		FW08MD027		541959		North Branch Potomac Rive		39.6255381873		-78.7517628131		2009		Smallmouth bass		Urban

		FW08ME019		531499		Saco River		43.4988544904		-70.46422890		2008		Chain pickerel		Urban

		FW08ME026		526959		Kennebec River		44.50109400		-69.6761408074		2008		Smallmouth bass		Urban

		FW08ME027		530679		Androscoggin River		44.0030860306		-70.0986098659		2008		Smallmouth bass		Urban

		FW08MI019		528079		Grand River		43.0563105177		-85.59420600		2008		Smallmouth bass		Urban

		FW08MI023		527129		Saint Joseph River		42.0612714581		-86.4236950084		2008		Smallmouth bass		Urban

		FW08MI036		526579		Black River		43.0043554832		-82.5250402432		2008		Smallmouth bass		Urban

		FW08MI037		527489				42.3316266765		-83.0043110444		2008		Largemouth bass		Urban

		FW08MI046		532059		Muskegon River		43.420791172		-85.7933985641		2008		Smallmouth bass		Urban

		FW08MI050		525149		Thunder Bay River		45.0829049554		-83.4905581091		2008		Smallmouth bass		Urban

		FW08MI057		532879		Muskegon River		43.6756274329		-85.4699052519		2008		Smallmouth bass		Urban

		FW08MN019		529119		Mississippi River		45.2972882233		-93.5720509058		2008		Smallmouth bass		Urban

		FW08MN024		529089		Minnesota River		44.7995598237		-93.5331191321		2008		White bass		Urban

		FW08MN035		529799		Mississippi River		45.2342632482		-93.496364248		2008		Smallmouth bass		Urban

		FW08MN036		527099		Mississippi River		44.8065949776		-93.011627889		2008		Smallmouth bass		Urban

		FW08MN049		532789		Minnesota River		44.34014560		-93.9393983682		2008		Channel catfish		Urban

		FW08MN057		554449		Mississippi River		46.3331295347		-94.2326150403		2009		Smallmouth bass		Urban

		FW08MO025		526289		Missouri River		38.8291194665		-90.4166140944		2009		Smallmouth buffalo		Urban

		FW08MT043		532489		12345 FID00756398 Missour		47.4516097767		-111.301282325		2008		Yellow perch		Urban

		FW08NC032		544189		Yadkin River		35.9975632493		-80.418126039		2009		Channel catfish		Urban

		FW08NC041		544649		Neuse River		35.93954300		-78.5755290903		2009		Largemouth bass		Urban

		FW08NH010		527239		Merrimack River		43.1931728813		-71.5235051861		2008		Largemouth bass		Urban

		FW08NH011		527229		Connecticut River		43.3511798162		-72.39343850		2008		Smallmouth bass		Urban

		FW08NH016		521569		Connecticut River		42.8493227188		-72.5530887446		2008		Smallmouth bass		Urban

		FW08NH017		521719		Connecticut River		43.43030270		-72.3950079387		2008		Smallmouth bass		Urban

		FW08NH018		521789		Contoocook River		43.2560426548		-71.6224954843		2008		Smallmouth bass		Urban

		FW08NJ005		550359		Raritan River		40.5088978728		-74.4661451553		2009		Channel catfish		Urban

		FW08NJ007		551879		Passaic River		40.9125093173		-74.1868363126		2009		Smallmouth bass		Urban

		FW08NJ009		529639		Delaware River		40.3369551627		-74.9385144669		2008		Channel catfish		Urban

		FW08NJ011		548529		Passaic River		40.86289880		-74.1074486436		2009		Smallmouth bass		Urban

		FW08NJ013		550679		Delaware River		40.4504712532		-75.0682316597		2009		Channel catfish		Urban

		FW08NY019		526339		Chemung River		42.1460332552		-77.0540853661		2008		Smallmouth bass		Urban

		FW08NY019		531359		Chemung River		42.1460332552		-77.0540853661		2008		Smallmouth bass		Urban

		FW08NY021		530399		Mohawk River		42.8285239881		-73.9893342438		2008		Rock bass		Urban

		FW08NY023		532589		Chenango River		42.1614404926		-75.856777587		2008		Smallmouth bass		Urban

		FW08NY028		527989		Hudson River		42.4741307078		-73.7870207682		2008		Channel catfish		Urban

		FW08NY030		529939		Olean Creek		42.0806510697		-78.4236343296		2008		Smallmouth bass		Urban

		FW08NY032		527199		Allegheny River		42.0659051673		-78.4692192101		2008		Smallmouth bass		Urban

		FW08NY034		527209		Seneca River		43.1376680498		-76.2955105545		2008		Smallmouth bass		Urban

		FW08NY037		531139		Mohawk River		42.9355753605		-74.1944499613		2008		Walleye		Urban

		FW08NY040		530419		Hudson River		43.2555280368		-73.5864012263		2008		Smallmouth bass		Urban

		FW08NY044		528439		Hudson River		42.055755619		-73.93195090		2008		Largemouth bass		Urban

		FW08NY049		555129				43.12145760		-75.2633206895		2009		Largemouth bass		Urban

		FW08NY050		531439		Oswego River		43.30450030		-76.3976992899		2008		Largemouth bass		Urban

		FW08OH012		526929		Paint Creek		39.3098238457		-82.9642969223		2008		Channel catfish		Urban

		FW08OH012		531789		Paint Creek		39.3098238457		-82.9642969223		2008		Channel catfish		Urban

		FW08OH017		521869		Muskingum River		40.2661217843		-81.874113475		2008		Smallmouth bass		Urban

		FW08OH019		529209		Little Miami River		39.1361922461		-84.34205660		2008		Channel catfish		Urban

		FW08OH031		521609		Great Miami River		39.6927104346		-84.2325392457		2008		Largemouth bass		Urban

		FW08OH033		524309		Kokosing River		40.3945966171		-82.50343680		2008		Smallmouth bass		Urban

		FW08OH035		521729		Great Miami River		39.9768258661		-84.1701692877		2008		Smallmouth bass		Urban

		FW08OH038		528799		Rocky River		41.4531323693		-81.823351076		2008		Smallmouth bass		Urban

		FW08OR015		532799		Rogue River		42.4132401492		-123.157974079		2008		Cutthroat trout		Urban

		FW08OR027		529659		Willamette River		44.065471238		-123.106346285		2008		Northern pikeminnow		Urban

		FW08OR028		528409		Tualatin River		45.48477820		-122.9599350		2009		Carp		Urban

		FW08OR028		528769		Tualatin River		45.48477820		-122.9599350		2009		Carp		Urban

		FW08OR060		521459		North Santiam River		44.7792412284		-122.8164740		2008		Mountain whitefish		Urban

		FW08PA019		554259		Susquehanna River		40.4917972684		-76.9481287603		2009		Smallmouth bass		Urban

		FW08PA020		556659		Beaver River		40.9310747489		-80.3739633072		2009		Channel catfish		Urban

		FW08PA021		547899		Susquehanna River		41.9698957868		-76.5119155764		2009		Smallmouth bass		Urban

		FW08PA030		541409		Schuylkill River		40.1431790941		-75.5102616287		2009		Smallmouth bass		Urban

		FW08PA035		530509		West Branch Susquehanna R		40.8857162244		-76.8015057515		2008		Smallmouth bass		Urban

		FW08PA036		550189		Shenango River		41.2433251079		-80.5093664527		2009		Smallmouth bass		Urban

		FW08RI003		555279		Seekonk River		41.8801381803		-71.3813036759		2009		Smallmouth bass		Urban

		FW08RI004		555099		Pawcatuck River		41.3935401631		-71.8408038427		2009		White sucker		Urban

		FW08RI004		556639		Pawcatuck River		41.3935401631		-71.8408038427		2009		White sucker		Urban

		FW08RI005		545359		Pawtuxet River		41.7154693785		-71.5036669593		2009		Largemouth bass		Urban

		FW08RI006		544499		Blackstone River		41.9903568767		-71.4917553745		2009		Yellow perch		Urban

		FW08RI009		554779		Pawtuxet River		41.7195959825		-71.4710211184		2009		Largemouth bass		Urban

		FW08RI010		545729		Blackstone River		41.9716682187		-71.4697525478		2009		White sucker		Urban

		FW08RI013		554799		Pawtuxet River		41.7582853755		-71.4401426564		2009		White sucker		Urban

		FW08SC008		544139		Catawba River		34.9506326785		-80.9231902078		2009		Channel catfish		Urban

		FW08SC013		541769		Saluda River		34.6429931357		-82.4539717444		2009		Largemouth bass		Urban

		FW08SC014		545039		Waccamaw River		33.561708535		-79.0867859944		2009		Largemouth bass		Urban

		FW08SC015		553299		Savannah River		33.61109176		-82.1624283754		2009		Largemouth bass		Urban

		FW08SC019		551829		Black Creek		34.24265760		-79.73192770		2009		Channel catfish		Urban

		FW08SC026		545079		Waccamaw River		33.4476948568		-79.1721730287		2009		Largemouth bass		Urban

		FW08SD075		550809		Bad River		44.3447831688		-100.371266704		2009		River carpsucker		Urban

		FW08SD075		551459		Bad River		44.3447831688		-100.371266704		2009		River carpsucker		Urban

		FW08TN012		547939		Tennessee River		35.10400990		-85.36090470		2009		Largemouth bass		Urban

		FW08TN018		527569		Cumberland River		36.1996932927		-86.67293380		2008		Largemouth bass		Urban

		FW08TN037		556719		Wolf River		35.1042226084		-89.7703676939		2009		Channel catfish		Urban

		FW08TN039		523839		Tennessee River		35.7537237284		-84.3107412615		2009		Largemouth bass		Urban

		FW08TN085		529909		Mississippi River		35.2196727413		-90.0727787823		2008		Blue catfish		Urban

		FW08TN097		526679		Mississippi River		35.6762751923		-89.9377252862		2008		Blue catfish		Urban

		FW08TN261		533649		Mississippi River		35.1475037879		-90.06547290		2008		Flathead catfish		Urban

		FW08TX030		523799		Grande, Rio		25.848932975		-97.4399603168		2009		Common snook		Urban

		FW08TX038		530389		Grande, Rio		26.2351988619		-98.5471929463		2009		Largemouth bass		Urban

		FW08TX059		526169		Brazos River		31.550414991		-97.0917420799		2009		Largemouth bass		Urban

		FW08VT011		532079		Winooski River		44.4891328059		-73.1483210128		2008		Smallmouth bass		Urban

		FW08VT016		529879		White River		43.6597703145		-72.3397363524		2008		Rainbow trout		Urban

		FW08VT018		527479		Winooski River		44.3182327735		-72.7269363919		2008		Brown trout		Urban

		FW08WI029		531159		Mississippi River		42.5313655686		-90.64118180		2008		Largemouth bass		Urban

		FW08WI034		531209		Wisconsin River		44.9780791883		-89.6304483311		2008		Smallmouth bass		Urban

		FW08WI048		530449		Oconto River		44.8834586456		-87.85719940		2008		Smallmouth bass		Urban

		FW08WV010		521849		Ohio River		39.3987267938		-81.4190801574		2008		Largemouth bass		Urban

		FW08WV013		525969		Kanawha River		38.3299179883		-81.5852680142		2008		Smallmouth bass		Urban

		FW08WV014		528349		Kanawha River		38.8170949415		-82.1004110607		2008		Spotted bass		Urban

		FW08WV027		525189		Monongahela River		39.6484253485		-79.9874665129		2008		Largemouth bass		Urban

		FW08WV029		521829		Pocatalico River		38.4540598491		-81.7807481372		2008		White crappie		Urban

		FW08WV030		521859		Ohio River		38.9676668805		-82.0923231073		2008		Largemouth bass		Urban

		FW08WV034		526849		Ohio River		39.5714407419		-80.9923780654		2009		Smallmouth bass		Urban

		FW08WY039		550129		North Platte River		42.8288369869		-106.366789305		2009		Rainbow trout		Urban





Non Urban Samples

		NRSA Master Non Urban Fish Tissue Sample List (Valid Probability Samples)

		Site ID		Sample ID		River Name		Lat		Long		Year		Species		Urban/Non Urban

		FW08AL012		548449		Elk River		34.950921774		-87.04202800		2009		Largemouth bass		Non Urban

		FW08AL012		548459		Elk River		34.950921774		-87.04202800		2009		Largemouth bass		Non Urban

		FW08AL015		549589		Murder Creek		31.0868632678		-87.0817517199		2009		Spotted bass		Non Urban

		FW08AL016		550509		Little Bear Creek		34.6950583546		-87.7620873765		2009		Largemouth bass		Non Urban

		FW08AL021		549579		Choctawhatchee River		31.3438086142		-85.6088131194		2009		Spotted bass		Non Urban

		FW08AL024		551119		Mulberry Fork		34.0037812827		-86.7411054328		2009		Freshwater drum		Non Urban

		FW08AL026		550029				31.1989281552		-87.9034605265		2009		Channel catfish		Non Urban

		FW08AL028		548469		Elk River		34.9086292212		-87.0622965175		2009		Largemouth bass		Non Urban

		FW08AR003		542009		Crooked Creek		36.244689812		-92.8358351813		2009		Smallmouth bass		Non Urban

		FW08AR010		527419		Mississippi River		35.6259809245		-89.8793286303		2008		Flathead catfish		Non Urban

		FW08AR010		533709		Mississippi River		35.6259809245		-89.8793286303		2008		Flathead catfish		Non Urban

		FW08AR012		541379		White River		34.3527039424		-91.1054194689		2009		Channel catfish		Non Urban

		FW08AR014		546479		Saint Francis River		34.6950009294		-90.6458847917		2009		Blue catfish		Non Urban

		FW08AR017		550419		Saline River		33.556304426		-92.0226124733		2009		Walleye		Non Urban

		FW08AR019		542299		Fourche Lafave River		34.9288777438		-93.360684914		2009		Largemouth bass		Non Urban

		FW08AR022		547479		'''Anguille River'		34.80141980		-90.7700306555		2009		Channel catfish		Non Urban

		FW08AR024		550479		Little River		33.6170337305		-93.8600077373		2009		Largemouth bass		Non Urban

		FW08AR026		547849		Saint Francis River		35.5326437088		-90.44201227		2009		Flathead catfish		Non Urban

		FW08AR028		550459		White River		34.4341925301		-91.1668175575		2009		Channel catfish		Non Urban

		FW08AR030		550439		Ouachita River		34.3551722217		-92.8675944845		2009		Walleye		Non Urban

		FW08AR032		548359		Arkansas River		35.4276630188		-94.1445391545		2009		Flathead catfish		Non Urban

		FW08AR036		548339		Red River		33.564254781		-94.3841128624		2009		Blue catfish		Non Urban

		FW08AR037		548369		Black River		36.1044868577		-91.0878052749		2009		Flathead catfish		Non Urban

		FW08AR041		548049		White River		36.3595761801		-92.5906944465		2009		Rainbow trout		Non Urban

		FW08AR042		547889		'''Anguille River'		34.7740229751		-90.744208672		2009		Flathead catfish		Non Urban

		FW08AR043		552809		White River		35.0588228085		-91.44386670		2009		Channel catfish		Non Urban

		FW08AR052		548029		Red River		33.0455374746		-93.8287447806		2009		Blue catfish		Non Urban

		FW08AR053		534999		Black River		36.2844285073		-90.7257149253		2009		Flathead catfish		Non Urban

		FW08AR057		541999		White River		36.06326700		-92.1111697221		2009		Largemouth bass		Non Urban

		FW08AR067		531349		Mississippi River		34.0173346669		-90.9879448279		2008		Flathead catfish		Non Urban

		FW08AR078		526639		Mississippi River		34.7342162376		-90.4575967147		2008		Blue catfish		Non Urban

		FW08AR087		533629		Mississippi River		33.713979063		-91.1547405856		2008		Flathead catfish		Non Urban

		FW08AR205		533619		Mississippi River		33.3205345224		-91.1684852408		2008		Flathead catfish		Non Urban

		FW08AR274		532529		Mississippi River		34.9611709796		-90.272600378		2008		Flathead catfish		Non Urban

		FW08AZ009		543419		Colorado River		36.0876646106		-111.870611311		2009		Rainbow trout		Non Urban

		FW08AZ013		556999		Colorado River		36.4334622313		-111.864092584		2009		Rainbow trout		Non Urban

		FW08AZ062		553019		Colorado River		33.4763421243		-114.605302179		2009		Flathead catfish		Non Urban

		FW08AZ062		543479		Colorado River		33.4763421243		-114.605302179		2009		Flathead catfish		Non Urban

		FW08AZ073		557009		Colorado River		36.0559301169		-111.997660327		2009		Rainbow trout		Non Urban

		FW08AZ074		550039		Cibola Valley		33.251303555		-114.672328948		2009		Flathead catfish		Non Urban

		FW08AZ077		556769		Colorado River		36.3193568888		-111.862892311		2009		Rainbow trout		Non Urban

		FW08AZ093		556029		Colorado River		36.8469470909		-111.616944109		2009		Rainbow trout		Non Urban

		FW08AZ098		557019		Colorado River		36.0984444582		-113.31689753		2009		Channel catfish		Non Urban

		FW08CA035		527079		Feather River		38.8083623761		-121.635207053		2008		Spotted bass		Non Urban

		FW08CA061		526989		Tuolumne River		37.596376061		-121.128761265		2008		Smallmouth bass		Non Urban

		FW08CO037		550159		Yampa River		40.4779687404		-108.908220977		2009		Smallmouth bass		Non Urban

		FW08CO046		545779		Colorado River		39.6551277853		-107.067151472		2009		Brown trout		Non Urban

		FW08CO046		545778		Colorado River		39.6551277853		-107.067151472		2009		Brown trout		Non Urban

		FW08CO062		545138		Colorado River		39.95763870		-106.549760425		2009		Mountain whitefish		Non Urban

		FW08CT024		555089		Pawcatuck River		41.4154814631		-71.8012816091		2009		Largemouth bass		Non Urban

		FW08FL005		542119		Ochlockonee River		30.3524343175		-84.6859155774		2009		Redear sunfish		Non Urban

		FW08FL005		542169		Ochlockonee River		30.3524343175		-84.6859155774		2009		Redear sunfish		Non Urban

		FW08FL006		535569				29.9845862121		-85.0329889824		2009		Striped mullet		Non Urban

		FW08FL006		545109				29.9845862121		-85.0329889824		2009		Striped mullet		Non Urban

		FW08FL007		547319		Kissimmee River		27.4150190629		-81.1311661016		2009		Bluegill		Non Urban

		FW08FL009		542019		Suwannee River		30.4958418753		-82.7064763144		2009		Bluegill		Non Urban

		FW08FL010		542029		Suwannee River		29.7043320794		-82.937979076		2009		Striped mullet		Non Urban

		FW08FL016		521379		Escambia River		30.67015100		-87.2664995381		2008		Red Ear sunfish		Non Urban

		FW08FL017		528879		Choctawhatchee River		30.7271833772		-85.825749468		2008		Redear sunfish		Non Urban

		FW08FL025		521439		Choctawhatchee River		30.9349433879		-85.8501874661		2008		Largemouth bass		Non Urban

		FW08FL026		550259		Suwannee River		30.1048764085		-83.1188381121		2009		Largemouth bass		Non Urban

		FW08FL029		527269		Choctawhatchee River		30.585512622		-85.8937980774		2008		Largemouth bass		Non Urban

		FW08FL033		547449		Holmes Creek		30.6410200949		-85.6942483784		2009		Redear sunfish		Non Urban

		FW08GA006		535199		Alapaha River		30.7022682567		-83.0338573014		2009		Redear sunfish		Non Urban

		FW08GA006		547779		Alapaha River		30.7022682567		-83.0338573014		2009		Redbreast sunfish		Non Urban

		FW08GA010		547309		Alapaha River		30.81591460		-83.0166470869		2009		Largemouth bass		Non Urban

		FW08GA012		550649		Ocmulgee River		32.1430426657		-83.3811161392		2009		Channel catfish		Non Urban

		FW08GA020		542179		Chattahoochee River		31.1589878521		-85.0789075565		2009		Spotted bass		Non Urban

		FW08GA022		535189		Ochlockonee River		30.8177999104		-84.1254038837		2009		Largemouth bass		Non Urban

		FW08GA025		545719		Ogeechee River		32.51384100		-81.6101897857		2009		Redbreast sunfish		Non Urban

		FW08GA028		545439		Ocmulgee River		33.1734555597		-83.8237956665		2009		Spotted bass		Non Urban

		FW08GA030		550589		Flint River		30.9619999625		-84.5584695568		2009		Largemouth bass		Non Urban

		FW08IA022		555299		Mississippi River		42.2020003808		-90.3323062477		2009		Largemouth bass		Non Urban

		FW08IA024		541419		Des Moines River		43.4510629888		-94.8671593149		2009		Channel catfish		Non Urban

		FW08IA034		546729		Mississippi River		43.1097548122		-91.1764526157		2009		Largemouth bass		Non Urban

		FW08IA037		541529		Mississippi River		40.8746955294		-91.0480926215		2009		Largemouth bass		Non Urban

		FW08IA044		541899		South Skunk River		41.4855492061		-92.9018200775		2009		Channel catfish		Non Urban

		FW08IA049		541849		South Skunk River		41.3175405512		-92.52828670		2009		Channel catfish		Non Urban

		FW08IA053		541539		Des Moines River		40.7358450297		-91.93595300		2009		Channel catfish		Non Urban

		FW08ID013		554289		Snake River		42.57565750		-113.629209903		2009		Smallmouth bass		Non Urban

		FW08ID020		550329		Payette River		43.9634706658		-116.18915431		2009		Mountain whitefish		Non Urban

		FW08ID026		545179		Salmon River		45.3852755503		-115.533286176		2009		Northern pikeminnow		Non Urban

		FW08ID029		550219		North Fork Payette River		44.396068963		-116.046078768		2009		Mountain whitefish		Non Urban

		FW08ID032		545229		Snake River		42.661485888		-114.662705434		2009		Mountain whitefish		Non Urban

		FW08ID037		548499		Salmon River		44.4242713934		-114.234976244		2009		Mountain whitefish		Non Urban

		FW08ID047		550119		Saint Joe River		47.3640529324		-116.683077903		2009		Largemouth bass		Non Urban

		FW08ID048		550309		Snake River		42.73850110		-114.844275777		2009		Northern pikeminnow		Non Urban

		FW08ID049		542999		Salmon River		45.396501673		-114.160445108		2009		Northern pikeminnow		Non Urban

		FW08IL009		544199		Illinois River		39.2086465811		-90.5929194362		2009		Channel catfish		Non Urban

		FW08IL009		544129		Illinois River		39.2086465811		-90.5929194362		2009		Channel catfish		Non Urban

		FW08IL012		549699		Mississippi River		37.00010810		-89.2634222354		2009		Channel catfish		Non Urban

		FW08IL013		549609		Mississippi River		40.4766888284		-91.3670358544		2009		Largemouth bass		Non Urban

		FW08IL017		528869		Fox Creek		40.7850588437		-90.1389070068		2008		Smallmouth bass		Non Urban

		FW08IL029		528269				40.0632176619		-90.3072699311		2008		Channel catfish		Non Urban

		FW08IL038		532169		Sugar River		42.4948839539		-89.2656052843		2008		Northern pike		Non Urban

		FW08IL044		549599		Mississippi River		37.4255405212		-89.4332040175		2009		Channel catfish		Non Urban

		FW08IN006		542219		Wabash River		38.64279200		-87.6143834468		2009		White bass		Non Urban

		FW08IN006		541349		Wabash River		38.64279200		-87.6143834468		2009		White bass		Non Urban

		FW08IN010		541329		White River		38.4517837426		-87.5980024307		2009		White bass		Non Urban

		FW08IN011		528069		Wabash River		40.8674648135		-85.6081796152		2008		Spotted bass		Non Urban

		FW08IN015		528089		Tippecanoe River		40.9064087412		-86.71152760		2008		Walleye		Non Urban

		FW08IN017		526509		Tippecanoe River		41.1572236688		-86.5853878056		2008		Channel catfish		Non Urban

		FW08IN020		532999		Kankakee River		41.172535572		-87.3895937161		2008		Smallmouth bass		Non Urban

		FW08IN021		546769		Eel River		41.0492099489		-85.7203712162		2009		Rock bass		Non Urban

		FW08IN022		534989		White River		38.5367149684		-87.3823418291		2009		Spotted bass		Non Urban

		FW08IN024		541359		East Fork White River		38.7402599681		-86.7337717845		2009		Spotted bass		Non Urban

		FW08IN030		526599		Vermilion River		39.9689275721		-87.4721462209		2008		Freshwater drum		Non Urban

		FW08IN032		541339		East Fork White River		38.5858197252		-86.8483555235		2009		Spotted bass		Non Urban

		FW08IN033		527509				41.1726017812		-86.5170071057		2008		Smallmouth bass		Non Urban

		FW08KS007		541519		Missouri River		39.87203930		-95.02724100		2009		Common carp		Non Urban

		FW08KS010		551169		South Fork Solomon River		39.4272767566		-98.5394914703		2009		Common carp		Non Urban

		FW08KS015		556449		Fall River		37.3975359931		-95.67976900		2009		Smallmouth bass		Non Urban

		FW08KS018		531289		Rock Creek		39.2525221063		-96.3265974142		2008		Channel catfish		Non Urban

		FW08KS032		532029		Cottonwood River		38.3793918834		-96.2142048091		2009		Smallmouth buffalo		Non Urban

		FW08KS043		530559		Dragoon Creek		38.7064016653		-95.8072684367		2008		White crappie		Non Urban

		FW08KS044		545169		Smoky Hill River		38.6645530287		-98.0627698093		2009		Common carp		Non Urban

		FW08KS047		556829		Flat Rock Creek		37.5035175116		-95.1526485421		2009		Common carp		Non Urban

		FW08KS055		542109		Kansas River		39.0543522076		-95.4907436223		2009		River carpsucker		Non Urban

		FW08KS059		554769		Marais des Cygnes River		38.582714764		-95.51201470		2009		Channel catfish		Non Urban

		FW08KY002		543589				37.0807508239		-86.571572027		2009		Channel catfish		Non Urban

		FW08KY012		554439		East Fork Barren River		36.6508162328		-85.7855834525		2009		Largemouth bass		Non Urban

		FW08KY013		521689		Ohio River		37.7813970489		-88.0381919182		2008		White bass		Non Urban

		FW08KY013		526839		Ohio River		37.7813970489		-88.0381919182		2008		White bass		Non Urban

		FW08KY014		554879		North Fork Kentucky River		37.6211654383		-83.4998626551		2009		Channel catfish		Non Urban

		FW08KY016		521679		Ohio River		37.981499987		-86.0339889901		2008		White bass		Non Urban

		FW08KY017		521659		Ohio River		37.4703955744		-88.0964216056		2008		Largemouth bass		Non Urban

		FW08KY019		554409		Green River		37.2911567583		-85.5928898168		2009		Channel catfish		Non Urban

		FW08KY021		554839		Levisa Fork		37.9794283672		-82.6711199444		2009		Flathead catfish		Non Urban

		FW08KY023		554309		Rockcastle River		37.2300686488		-84.2439627591		2009		Smallmouth bass		Non Urban

		FW08KY024		554419		Drakes Creek		36.8890839192		-86.3763567415		2009		Largemouth bass		Non Urban

		FW08KY027		530859		Kentucky River		37.8854177773		-84.2463790157		2008		Largemouth Bass		Non Urban

		FW08KY029		521669		Ohio River		37.2212249726		-88.9269310386		2008		Sauger		Non Urban

		FW08KY031		554979		Rolling Fork		37.7692804326		-85.7162867288		2009		Channel catfish		Non Urban

		FW08KY033		556709		Obion Creek		36.5792262185		-89.18794060		2009		Channel catfish		Non Urban

		FW08KY034		541399		Licking River		38.4951338743		-84.1616164654		2009		Smallmouth bass		Non Urban

		FW08KY039		529379		Big South Fork Cumberland		36.868345907		-84.57814530		2009		Largemouth bass		Non Urban

		FW08KY042		556689		Little Sandy River		38.3623126835		-82.9324328099		2009		Sauger		Non Urban

		FW08KY097		529529		Mississippi River		36.5347441394		-89.4672326434		2008		Blue catfish		Non Urban

		FW08KY209		532719		Mississippi River		36.6087019423		-89.30583150		2008		Flathead catfish		Non Urban

		FW08LA011		526619		Ouachita River		32.9748015717		-92.0764396785		2008		Spotted bass		Non Urban

		FW08LA011		528019		Ouachita River		32.9748015717		-92.0764396785		2008		Spotted bass		Non Urban

		FW08LA013		525299		Red River		31.6265007544		-92.9092086935		2008		Largemouth bass		Non Urban

		FW08LA014		528109		Bayou Bartholomew		32.7846484449		-91.9573662519		2008		Spotted bass		Non Urban

		FW08LA017		527309		Black River		31.5511897825		-91.8054496108		2008		Largemouth bass		Non Urban

		FW08LA018		526519		Red River		32.0661756794		-93.4141249771		2008		Spotted bass		Non Urban

		FW08LA022		528029		Twelvemile Bayou		32.5480588089		-93.7809955787		2008		Largemouth bass		Non Urban

		FW08LA023		551659		Chevreuil, Bayou		29.8973342647		-90.68333680		2009		Spotted gar		Non Urban

		FW08LA028		528829		Mississippi River		32.6529719178		-91.1407226505		2008		White bass		Non Urban

		FW08LA030		529069		D'rbonne, Bayou		32.7123784739		-92.2788168053		2008		Largemouth bass		Non Urban

		FW08LA032		532709		Tensas River		31.7433042652		-91.5778217478		2008		White crappie		Non Urban

		FW08LA036		535399		Mississippi River		30.7550589153		-91.5955188492		2008		Blue catfish		Non Urban

		FW08LA036		535409		Mississippi River		30.7550589153		-91.5955188492		2008		Blue catfish		Non Urban

		FW08LA037		527629		Red River		31.8147320077		-93.05754150		2008		Largemouth bass		Non Urban

		FW08LA039		543349		Amite River		30.328478246		-90.843821333		2008		Spotted gar		Non Urban

		FW08LA040		543339		Lower Old River		31.0175682199		-91.6903398943		2009		Alligator gar		Non Urban

		FW08LA049		543309		Red River		31.2147817437		-92.0242841668		2009		Spotted bass		Non Urban

		FW08LA050		548649		Dorcheat, Bayou		32.5640004298		-93.3206209939		2009		Largemouth bass		Non Urban

		FW08LA051		535499		Mississippi River		30.2090219359		-91.0419661256		2008		Flathead catfish		Non Urban

		FW08LA051		535469		Mississippi River		30.2090219359		-91.0419661256		2008		Flathead catfish		Non Urban

		FW08LA059		548679		Vermilion River		29.9042714515		-92.1160033711		2009		Spotted gar		Non Urban

		FW08LA068		530519		Mississippi River		30.5056571832		-91.25907430		2008		Blue catfish		Non Urban

		FW08LA072		548669		Bayou Des Glaises		30.6008304725		-91.8767733056		2009		Spotted gar		Non Urban

		FW08LA073		544709		de Siard, Bayou		32.5284760387		-92.04399150		2009		Largemouth bass		Non Urban

		FW08LA094		546289		de Siard, Bayou		32.5759163083		-92.0619223094		2009		Largemouth bass		Non Urban

		FW08LA099		545279				29.8187541067		-91.59191550		2009		Spotted gar		Non Urban

		FW08LA100		529869		Mississippi River		30.9972218872		-91.6424489131		2008		Blue catfish		Non Urban

		FW08LA104		526649				31.0896561161		-91.5947424908		2008		Flathead catfish		Non Urban

		FW08LA108		529189		Mississippi River		32.4096389342		-90.9959210915		2008		Blue catfish		Non Urban

		FW08LA140		543659				30.1314015242		-93.61952498		2009		Spotted gar		Non Urban

		FW08LA151		535479		Mississippi River		29.980967972		-90.8204688453		2008		Flathead catfish		Non Urban

		FW08LA152		529679		Mississippi River		31.4310636364		-91.505592814		2008		Blue catfish		Non Urban

		FW08LA160		549539		Big Choctaw Bayou		31.8792187573		-91.5433311593		2009		Spotted gar		Non Urban

		FW08LA167		532439		Mississippi River		30.1532011141		-90.9994931897		2008		Flathead catfish		Non Urban

		FW08LA180		528849		Mississippi River		30.5748944621		-91.3123690198		2008		Blue catfish		Non Urban

		FW08LA228		535449		Mississippi River		30.83665640		-91.5236914798		2008		Blue catfish		Non Urban

		FW08MA002		526529		Taunton River		41.9617880804		-70.9197847872		2008		Yellow perch		Non Urban

		FW08MA004		526409		Millers River		42.6317075111		-72.1290034427		2008		Yellow perch		Non Urban

		FW08MA018		527639		Taunton River		41.957555583		-70.9336095344		2008		Yellow perch		Non Urban

		FW08MA020		556889		Connecticut River		42.5441872769		-72.5627607436		2009		Smallmouth bass		Non Urban

		FW08MD006		526149		Marshyhope Creek		38.6890784275		-75.7699003441		2008		Largemouth bass		Non Urban

		FW08MD006		526129		Marshyhope Creek		38.6890784275		-75.7699003441		2008		Largemouth bass		Non Urban

		FW08MD012		526159		Potomac River		39.1798919581		-77.5073636064		2008		Blue catfish		Non Urban

		FW08MD015		541729		Potomac River		39.624205626		-78.4292682601		2009		Channel catfish		Non Urban

		FW08MD016		541719		Conococheague Creek		39.6498575687		-77.8404754601		2009		Smallmouth bass		Non Urban

		FW08MD019		548259		Monocacy River		39.3218844213		-77.4120791512		2009		Channel catfish		Non Urban

		FW08MD023		541949		North Branch Potomac Rive		39.5034471172		-78.9045319931		2009		Largemouth bass		Non Urban

		FW08MD024		521499		Potomac River		39.1848292732		-77.4862290429		2008		Largemouth bass		Non Urban

		FW08MD025		541793		Monocacy River		39.5925493131		-77.3010802605		2009		Channel catfish		Non Urban

		FW08ME005		531489		Kenduskeag Stream		44.96032770		-68.9969630617		2008		Smallmouth bass		Non Urban

		FW08ME017		529229		East Branch Penobscot Riv		45.8786662155		-68.6203433456		2008		Smallmouth bass		Non Urban

		FW08ME018		532659		Machias River		44.7373762323		-67.5498426735		2008		Smallmouth bass		Non Urban

		FW08ME021		529849				45.25733170		-68.9496587209		2008		Smallmouth bass		Non Urban

		FW08ME022		526889		Kennebec River		44.4215453146		-69.7056035906		2008		Smallmouth bass		Non Urban

		FW08MI020		546789		Saint Clair River		42.55229660		-82.5884592057		2009		Smallmouth bass		Non Urban

		FW08MI020		546299		Saint Clair River		42.55229660		-82.5884592057		2009		Smallmouth bass		Non Urban

		FW08MI025		550269		Pere Marquette River		43.9306402172		-86.0268710352		2009		Brown trout		Non Urban

		FW08MI026		526419		Grand River		43.022338754		-86.0239727181		2008		Smallmouth bass		Non Urban

		FW08MI028		529319		Flint River		43.3109667142		-83.9678813057		2008		Smallmouth bass		Non Urban

		FW08MI030		530549		Grand River		42.8231590197		-84.9387811266		2008		Smallmouth bass		Non Urban

		FW08MI033		530099		Grand River		42.5416670431		-84.6280276092		2008		Largemouth bass		Non Urban

		FW08MI038		532629		Saint Joseph River		42.06419640		-85.147437553		2008		Largemouth bass		Non Urban

		FW08MI042		532759		Muskegon River		43.3269547312		-86.0055749581		2008		Largemouth bass		Non Urban

		FW08MI044		532229		Maple River		43.0441206645		-84.863652539		2008		Smallmouth bass		Non Urban

		FW08MI058		532209		Grand River		42.9421965276		-85.1856131102		2008		Smallmouth bass		Non Urban

		FW08MN013		548689		Mississippi River		44.1324418891		-91.729519574		2009		Largemouth bass		Non Urban

		FW08MN013		543959		Mississippi River		44.1324418891		-91.729519574		2009		Largemouth bass		Non Urban

		FW08MN016		550779		Big Fork River		48.4851309876		-93.722164665		2009		Northern pike		Non Urban

		FW08MN022		550399		Saint Louis River		46.9870185365		-92.8115007827		2009		Channel catfish		Non Urban

		FW08MN031		529769		Saint Croix River		45.5650917279		-92.7952983349		2008		Smallmouth bass		Non Urban

		FW08MN037		525749		Maple River		43.9066845578		-94.060297267		2008		Walleye		Non Urban

		FW08MN039		550669				47.2730965729		-93.7841619228		2009		Largemouth bass		Non Urban

		FW08MN042		547339		Cloquet River		46.9481502448		-92.4322187845		2009		Smallmouth bass		Non Urban

		FW08MN045		549779		Minnesota River		44.9429927683		-95.7775732258		2009		Channel catfish		Non Urban

		FW08MN051		544169				45.16173920		-92.7575160375		2009		Smallmouth bass		Non Urban

		FW08MN053		550769		Mississippi River		43.8889724402		-91.3220521815		2009		Smallmouth bass		Non Urban

		FW08MN056		544669		Zumbro River		44.2385604864		-92.48208420		2009		Freshwater drum		Non Urban

		FW08MN061		550659		Minnesota River		44.5521269414		-95.0250985279		2009		Channel catfish		Non Urban

		FW08MO009		529219		Mississippi River		38.9633667804		-90.4156474242		2009		Silver carp		Non Urban

		FW08MO009		525919		Mississippi River		38.9633667804		-90.4156474242		2009		Silver carp		Non Urban

		FW08MO011		522089		Black River		37.0275413531		-90.6428188417		2008		Common carp		Non Urban

		FW08MO013		550229		Gasconade River		38.2401214184		-91.80404830		2009		Largemouth bass		Non Urban

		FW08MO014		525289		Mississippi River		39.1760523467		-90.7172226139		2009		Silver carp		Non Urban

		FW08MO015		531729		Flat Creek		36.7847693146		-93.7144287094		2009		Largemouth bass		Non Urban

		FW08MO017		530349		Gasconade River		37.5389799356		-92.3653591932		2009		Black redhorse		Non Urban

		FW08MO018		530499		Big River		37.8832499384		-90.5444203154		2009		Black redhorse		Non Urban

		FW08MO019		526239		Lamine River		38.6874410621		-92.9499195819		2009		Largemouth bass		Non Urban

		FW08MO021		550349		Big River		38.3029678545		-90.6270631865		2009		River redhorse		Non Urban

		FW08MO029		550209		North Moreau Creek		38.5253458161		-92.3215456339		2009		Largemouth bass		Non Urban

		FW08MO031		529249		Center Creek		37.1670210782		-94.5082082604		2009		Common carp		Non Urban

		FW08MO033		550239		Meramec River		37.9837162091		-91.3578126084		2009		Smallmouth bass		Non Urban

		FW08MO037		528239		Missouri River		38.5809074304		-90.8207505609		2009		Blue catfish		Non Urban

		FW08MO038		530359		Doolan Chute		37.0557241478		-89.38539060		2009		Channel catfish		Non Urban

		FW08MO041		521629		Current River		37.238779841		-91.3451427779		2009		Shadow bass		Non Urban

		FW08MO086		530479		Mississippi River		36.02181179		-89.6935279423		2008		Blue catfish		Non Urban

		FW08MO102		525249		Mississippi River		36.5616969518		-89.39617850		2008		Flathead catfish		Non Urban

		FW08MO103		542289				39.2011544893		-93.4303671708		2009		Golden redhorse		Non Urban

		FW08MS006		526319		Mississippi River		31.2635260678		-91.6038698686		2008		Flathead catfish		Non Urban

		FW08MS008		541919		Tombigbee River		34.0016574869		-88.5183318154		2009		Blue catfish		Non Urban

		FW08MS014		531379		Mississippi River		31.982908965		-91.1395779789		2008		White bass		Non Urban

		FW08MS016		549709		Tombigbee River		33.9137378937		-88.5310703808		2009		Largemouth bass		Non Urban

		FW08MS019		531329				34.3709247288		-90.6784206059		2008		Flathead catfish		Non Urban

		FW08MS025		547839		Pascagoula River		30.8833903352		-88.7735513906		2009		Largemouth bass		Non Urban

		FW08MS025		547819		Pascagoula River		30.8833903352		-88.7735513906		2009		Largemouth bass		Non Urban

		FW08MS042		545599		Big Black River		32.0868107669		-90.9475945315		2009		Blue catfish		Non Urban

		FW08MS050		547579		Pearl River		32.5824600366		-89.8486962757		2009		Largemouth Bass		Non Urban

		FW08MS070		529919		Mississippi River		31.3644533371		-91.4795984415		2008		Flathead catfish		Non Urban

		FW08MS083		531339		Mississippi River		33.7759007949		-91.0739544599		2008		Flathead catfish		Non Urban

		FW08MS094		533639		Old River		33.4321854236		-91.1230271842		2008		Flathead catfish		Non Urban

		FW08MS127		526489		Mississippi River		34.6059771585		-90.5824429088		2008		Flathead catfish		Non Urban

		FW08MS139		526389		Mississippi River		34.7706852357		-90.46270420		2008		Flathead catfish		Non Urban

		FW08MS147		533609		Mississippi River		33.6200694168		-91.1344283609		2008		Flathead catfish		Non Urban

		FW08MS191		526659		Mississippi River		34.1855410485		-90.87650411		2008		Flathead catfish		Non Urban

		FW08MS203		526399		Mississippi River		34.88724360		-90.2832318839		2008		Blue catfish		Non Urban

		FW08MS211		527469		Mississippi River		33.867083565		-91.0641259806		2008		Flathead catfish		Non Urban

		FW08MS238		527519		Mississippi River		33.1087443529		-91.1507241159		2008		Flathead catfish		Non Urban

		FW08MT022		549879		Clark Fork		47.066361551		-114.769850216		2009		Northern pikeminnow		Non Urban

		FW08MT025		545799		12345 FID00756398 Missour		48.0766134409		-104.391246786		2009		Channel catfish		Non Urban

		FW08MT032		548069		Tongue River		46.3596270422		-105.814048153		2009		Channel catfish		Non Urban

		FW08MT041		549909		Yellowstone River		46.86783420		-104.995202473		2009		Channel catfish		Non Urban

		FW08MT049		542359		12345 FID00756398 Missour		48.0052111777		-105.909229159		2009		Sauger		Non Urban

		FW08MT050		523199		Stillwater River		45.5973197817		-109.31160459		2008		Brown trout		Non Urban

		FW08MT058		549899		Sun River		47.6166609121		-112.681058787		2009		Rainbow trout		Non Urban

		FW08MT062		528619		Jefferson River		45.909362111		-111.566890199		2008		Rainbow trout		Non Urban

		FW08MT063		548039		12345 FID00756398 Missour		47.792473255		-109.276796283		2009		Sauger		Non Urban

		FW08MT087		549919				44.693960237		-111.090657555		2009		Rainbow trout		Non Urban

		FW08NC021		532049				35.4000801566		-78.7783979476		2009		Channel catfish		Non Urban

		FW08NC021		548419				35.4000801566		-78.7783979476		2009		Channel catfish		Non Urban

		FW08NC025		543949		Dan River		36.5307522585		-79.32824690		2009		Blue catfish		Non Urban

		FW08NC035		541219		Cape Fear River		34.923369932		-78.7981994796		2009		Blue catfish		Non Urban

		FW08NC037		542319		Cape Fear River		35.176076333		-78.8097367399		2009		Blue catfish		Non Urban

		FW08NC039		541469		Black River		34.5197813706		-78.256943663		2009		Largemouth bass		Non Urban

		FW08NC042		542339		Little Tennessee River		35.3512582559		-83.5072192493		2009		Channel catfish		Non Urban

		FW08NC044		541569		Tar River		35.945352858		-77.5326325176		2009		Channel catfish		Non Urban

		FW08NC049		544659		Cape Fear River		35.5944825681		-79.0520955282		2009		Largemouth bass		Non Urban

		FW08NC050		548409		Chowan River		36.4716993554		-76.9434492502		2009		Largemouth bass		Non Urban

		FW08NC055		544679		North Fork New River		36.549571048		-81.3732553831		2009		Rock bass		Non Urban

		FW08NC083		544419		Bryant Swamp		34.5349674932		-78.823375839		2009		Largemouth bass		Non Urban

		FW08NC158		551859		Grindle Creek		35.5959533909		-77.1827820496		2009		Largemouth bass		Non Urban

		FW08ND043		526469		James River		45.9788906804		-98.1675759217		2008		Channel catfish		Non Urban

		FW08ND055		521589		Red River of the North		47.2502139448		-96.8441300765		2008		Sauger		Non Urban

		FW08NE015		535829				40.7996552121		-98.4377535206		2009		River carpsucker		Non Urban

		FW08NE036		523989		Missouri River		41.939328973		-96.1447224941		2009		River carpsucker		Non Urban

		FW08NE036		542389		Missouri River		41.939328973		-96.1447224941		2009		Carpsucker		Non Urban

		FW08NE043		540269		Platte River		40.6560177308		-99.0353202609		2009		Quillback		Non Urban

		FW08NH005		521449		Connecticut River		44.2430844219		-72.0481838616		2008		Yellow perch		Non Urban

		FW08NH007		521779		Connecticut River		43.06807460		-72.448701621		2008		Smallmouth bass		Non Urban

		FW08NH009		521709		Connecticut River		43.8658088297		-72.1782225148		2008		Smallmouth bass		Non Urban

		FW08NH020		531149		Connecticut River		44.8733146088		-71.5295197218		2008		Smallmouth bass		Non Urban

		FW08NJ004		550339		Delaware River		41.2724234824		-74.840221171		2009		Smallmouth bass		Non Urban

		FW08NJ008		529439		Delaware River		41.2501237785		-74.85554790		2008		Smallmouth bass		Non Urban

		FW08NY017		532989		Chenango River		42.42297023		-75.6321732371		2008		Walleye		Non Urban

		FW08NY025		531129		Hudson River		43.248659846		-73.740769241		2008		Smallmouth bass		Non Urban

		FW08NY027		532769		Indian River		44.2592806648		-75.7674293327		2008		Brown bullhead		Non Urban

		FW08NY035		532099		Susquehanna River		42.0289557281		-76.3983055694		2008		Smallmouth bass		Non Urban

		FW08NY039		535089		Chenango River		42.3477532329		-75.6964441718		2008		Smallmouth bass		Non Urban

		FW08NY047		545739		Grass River		44.8186406224		-75.1007825128		2009		Smallmouth Bass		Non Urban

		FW08NY052		549519		Oswegatchie River		44.6161292494		-75.4061501423		2009		Yellow perch		Non Urban

		FW08NY053		550199		Mohawk River		42.8954827805		-74.5093396348		2009		Smallmouth bass		Non Urban

		FW08NY064		526819		Chadakoin River		42.115469427		-79.266370366		2008		Largemouth bass		Non Urban

		FW08OH018		529039		Tuscarawas River		40.5812819717		-81.3951396163		2008		Smallmouth bass		Non Urban

		FW08OH021		532239		Muskingum River		39.466028628		-81.4805902086		2008		Channel catfish		Non Urban

		FW08OH023		529749		Scioto River		38.82668230		-83.01768620		2008		Channel catfish		Non Urban

		FW08OH024		532829		Sandusky River		41.0282916849		-83.2129498532		2008		Channel catfish		Non Urban

		FW08OH027		529359		Mahoning River		41.2085360544		-80.8105906665		2008		Smallmouth bass		Non Urban

		FW08OH040		554729		Tymochtee Creek		40.83279100		-83.3595268841		2009		White crappie		Non Urban

		FW08OK014		532019		Cimarron River		36.00645377		-97.3311830616		2009		Channel catfish		Non Urban

		FW08OK018		554659		Chikaskia River		36.95800160		-97.4219204089		2009		White crappie		Non Urban

		FW08OK022		545259		North Canadian River		35.3993595105		-95.7926483889		2009		Channel catfish		Non Urban

		FW08OK034		550499		Red River		33.912216284		-95.5493599764		2009		Blue catfish		Non Urban

		FW08OK043		554459		Canadian River		34.9004548855		-96.7740171117		2009		Channel catfish		Non Urban

		FW08OK050		551989		Red River		33.9145112172		-95.11879140		2009		Blue catfish		Non Urban

		FW08OK058		540809		Poteau River		35.2272381672		-94.5374863184		2009		Flathead catfish		Non Urban

		FW08OK062		541299		Verdigris River		36.1090538914		-95.5689395746		2009		Channel catfish		Non Urban

		FW08OR011		541249		Siuslaw River		43.9912715155		-123.664332508		2009		Largescale sucker		Non Urban

		FW08OR012		541269		Sandy River		45.3953544165		-122.149369214		2009		Mountain whitefish		Non Urban

		FW08OR014		545329		McKenzie River		44.1679542591		-122.249672908		2009		Mountain whitefish		Non Urban

		FW08OR016		532679		South Santiam River		44.4907093376		-122.813715436		2008		Cutthroat trout		Non Urban

		FW08OR025		544979		Snake River		45.5755830844		-116.487489113		2009		Smallmouth bass		Non Urban

		FW08OR026		528779		Crooked River		44.2475263395		-120.859466363		2009		Mountain whitefish		Non Urban

		FW08OR030		554709		Sprague River		42.4620636132		-121.468827265		2009		Smallmouth bass		Non Urban

		FW08OR033		541429		Malheur River		43.7708369719		-118.048972809		2009		Northern pikeminnow		Non Urban

		FW08OR037		541279		John Day River		45.5325191648		-120.358032147		2009		Smallmouth bass		Non Urban

		FW08OR044		528379		North Santiam River		44.752692373		-122.514052897		2008		Mountain whitefish		Non Urban

		FW08OR046		554719		Sprague River		42.5995531095		-121.761677447		2009		Yellow perch		Non Urban

		FW08OR049		541439		Owyhee River		43.0527714852		-117.694337059		2009		Smallmouth bass		Non Urban

		FW08OR051		526809				44.3165076199		-123.218631758		2008		Northern pikeminnow		Non Urban

		FW08OR057		546409		Grande Ronde River		45.930818784		-117.455339397		2009		Smallmouth bass		Non Urban

		FW08OR058		529689		McKenzie River		44.1464109277		-122.577045561		2008		Mountain Whitefish		Non Urban

		FW08OR058		526719		McKenzie River		44.1464109277		-122.577045561		2008		Mountain Whitefish		Non Urban

		FW08OR059		527139		Umpqua River		43.5775336629		-123.5016590		2008		Smallmouth bass		Non Urban

		FW08OR061		529579		Middle Fork John Day Rive		44.8850214932		-119.149039286		2009		Largescale sucker		Non Urban

		FW08OR064		544839		Snake River		45.286944959		-116.672223496		2009		Smallmouth bass		Non Urban

		FW08OR099		541239		Siletz River		44.7317897584		-123.916957582		2009		Smallmouth bass		Non Urban

		FW08PA015		535069		Clarion River		41.419915633		-78.747752092		2009		Smallmouth bass		Non Urban

		FW08PA015		555999		Clarion River		41.419915633		-78.747752092		2009		Smallmouth bass		Non Urban

		FW08PA016		542329		Allegheny River		41.4751584481		-79.5179324254		2009		Smallmouth bass		Non Urban

		FW08PA016		534839		Allegheny River		41.4751584481		-79.5179324254		2009		Smallmouth bass		Non Urban

		FW08PA017		547949		Tioga River		41.9225841852		-77.1292267517		2009		Chain pickerel		Non Urban

		FW08PA023		527669		Pine Creek		41.2887074081		-77.3412322705		2008		Smallmouth bass		Non Urban

		FW08PA038		547749		Frankstown Branch Juniata		40.551950437		-78.0930174538		2009		Smallmouth bass		Non Urban

		FW08RI007		556619		Pawcatuck River		41.4100168063		-71.842469621		2009		Largemouth bass		Non Urban

		FW08RI008		554949		Pawcatuck River		41.4284225364		-71.7211944184		2009		White sucker		Non Urban

		FW08RI011		556609		Pawcatuck River		41.41502210		-71.8255981091		2009		Largemouth bass		Non Urban

		FW08RI016		555209		Wood River		41.5065386947		-71.7122843833		2009		White sucker		Non Urban

		FW08SC002		545059		Waccamaw River		33.8839072093		-78.7847411815		2009		Largemouth bass		Non Urban

		FW08SC003		551819		Great Pee Dee River		33.9090947095		-79.44029920		2009		Blue catfish		Non Urban

		FW08SC004		551809		Wateree River		34.126220836		-80.6503139895		2009		Largemouth bass		Non Urban

		FW08SC007		546969				34.0305123296		-79.7231244513		2009		Largemouth bass		Non Urban

		FW08SC012		545019		Wateree River		33.89327980		-80.6245468067		2009		Largemouth bass		Non Urban

		FW08SC018		541779		Santee River		33.499510132		-80.1098664636		2009		Largemouth bass		Non Urban

		FW08SC021		541889		Saluda River		34.1666483173		-81.77385210		2009		Largemouth bass		Non Urban

		FW08SC023		549969		Great Pee Dee River		34.4765514817		-79.7324218225		2009		Blue catfish		Non Urban

		FW08SC030		549979		Waccamaw River		33.9000173342		-78.8569518363		2009		Largemouth bass		Non Urban

		FW08SD042		548059		Missouri River		42.8542015822		-97.2801582122		2009		River redhorse		Non Urban

		FW08TN010		527009		Cumberland River		36.6063734509		-85.5050406732		2008		Largemouth bass		Non Urban

		FW08TN011		532149		French Broad River		35.951449473		-83.5506594668		2008		Largemouth bass		Non Urban

		FW08TN016		550709				35.2105587324		-88.9237252582		2009		Largemouth bass		Non Urban

		FW08TN017		532869		Mississippi River		36.2461292622		-89.6403505509		2008		Channel catfish		Non Urban

		FW08TN017		529059		Mississippi River		36.2461292622		-89.6403505509		2008		Channel catfish		Non Urban

		FW08TN027		528909		French Broad River		35.9522135533		-83.795804971		2008		Channel catfish		Non Urban

		FW08TN032		550739		Hatchie River		35.3510357339		-89.0288435594		2009		Channel catfish		Non Urban

		FW08TN033		550729		Obion River		36.1848578359		-89.3817693449		2009		Channel catfish		Non Urban

		FW08TN040		530749		Elk River		35.1441934463		-86.3486871656		2009		Largemouth bass		Non Urban

		FW08TN049		532139		Mississippi River		36.0729666581		-89.6802395841		2008		Blue catfish		Non Urban

		FW08TN081		529839		Mississippi River		36.4728993229		-89.4374083545		2008		Flathead catfish		Non Urban

		FW08TN177		527599		Mississippi River		35.7838142194		-89.7631153717		2009		Blue catfish		Non Urban

		FW08TX022		526069		Grande, Rio		26.0450175556		-97.7964060571		2009		Largemouth bass		Non Urban

		FW08TX037		526029		Trinity River		30.579729765		-94.9979138737		2009		Spotted bass		Non Urban

		FW08TX042		526099		Nueces River		28.3021055871		-98.0581538526		2008		Largemouth bass		Non Urban

		FW08TX043		526079		Medina River		29.2389273732		-98.4516845157		2008		Spotted bass		Non Urban

		FW08TX050		522609		Grande, Rio		28.9504206203		-100.649365809		2009		Spotted gar		Non Urban

		FW08TX053		521409		Neches River		31.9345342314		-95.433359846		2008		Spotted bass		Non Urban

		FW08TX061		553379		Sulphur River		33.2942396897		-94.0590169405		2009		Channel catfish		Non Urban

		FW08UT014		544449		San Juan River		37.223717687		-109.208693513		2009		Channel catfish		Non Urban

		FW08UT022		526669		Colorado River		39.0897462158		-109.10163506		2008		Channel catfish		Non Urban

		FW08UT023		545389		Colorado River		38.3528030825		-109.753464447		2009		Common carp		Non Urban

		FW08UT030		551919		San Juan River		37.2750305792		-109.437071193		2009		Channel catfish		Non Urban

		FW08UT039		545399		Colorado River		38.1567028891		-109.931976268		2009		Common carp		Non Urban

		FW08UT042		542189		Green River		38.8372845057		-110.1423380		2009		Channel catfish		Non Urban

		FW08UT046		551929		San Juan River		37.1943959358		-109.733481051		2009		Channel catfish		Non Urban

		FW08UT047		555319		Green River		39.7372326688		-109.950235092		2009		Channel catfish		Non Urban

		FW08UT054		526369		Colorado River		38.6966570749		-109.411336201		2008		Channel catfish		Non Urban

		FW08UT055		542159		Green River		38.7140287174		-110.100331599		2009		Channel catfish		Non Urban

		FW08UT060		551889		Green River		40.491446773		-109.176670396		2009		Smallmouth bass		Non Urban

		FW08VA020		542569		Banister River		36.7620295251		-78.87141820		2009		Blue catfish		Non Urban

		FW08VA022		523179		North River		38.3056160784		-78.900908441		2008		Rock bass		Non Urban

		FW08VA026		527159		James River		37.5932826071		-79.38320510		2008		Rock bass		Non Urban

		FW08VA032		549449		Nottoway River		36.9304771793		-77.2029267336		2009		Largemouth bass		Non Urban

		FW08VA035		542729		Rappahannock River		38.3481647544		-77.570999946		2009		Channel catfish		Non Urban

		FW08VA038		549439		Roanoke River		37.1221926894		-79.3535900477		2009		Smallmouth bass		Non Urban

		FW08VA041		541659		Clinch River		36.61998740		-82.8210216399		2009		Rock bass		Non Urban

		FW08VT006		529169		Connecticut River		42.7933701591		-72.5247676307		2008		Largemouth bass		Non Urban

		FW08VT013		528919		White River		43.7974871172		-72.500903144		2008		Rainbow trout		Non Urban

		FW08VT014		530669		Winooski River		44.42187290		-73.0153797587		2008		Rainbow trout		Non Urban

		FW08WA016		545209		Columbia River		45.698609989		-120.417531429		2009		Smallmouth bass		Non Urban

		FW08WA017		523319		Skagit River		48.5237348508		-122.053437941		2009		Mountain whitefish		Non Urban

		FW08WA022		551849		South Fork Skykomish Rive		47.7289161895		-121.427564513		2009		Mountain whitefish		Non Urban

		FW08WA041		529759		Columbia River		45.91402590		-122.809680283		2009		Largescale sucker		Non Urban

		FW08WA044		556049		Yakima River		46.4044217551		-120.289587501		2009		Mountain whitefish		Non Urban

		FW08WI036		530409		Wolf River		45.079596345		-88.623943008		2008		Smallmouth bass		Non Urban

		FW08WI045		542989		Buffalo River		44.3611278477		-91.9107473214		2009		Walleye		Non Urban

		FW08WI054		521739		Kickapoo River		43.3077700406		-90.8548505306		2008		Smallmouth bass		Non Urban

		FW08WI056		545449		Fox River		43.8234414602		-89.1683125627		2009		Walleye		Non Urban

		FW08WV005		526589		Tug Fork		37.5413611926		-82.0336111571		2008		Largemouth bass		Non Urban

		FW08WV006		529999		Hughes River		39.1314280407		-81.3443372841		2008		Sauger		Non Urban

		FW08WV007		532649		Ohio River		39.9187733564		-80.7968311744		2008		Smallmouth bass		Non Urban

		FW08WV008		521889		Elk River		38.5880857266		-80.8945234412		2008		Largemouth bass		Non Urban

		FW08WV008		535179		Elk River		38.5880857266		-80.8945234412		2008		Smallmouth bass		Non Urban

		FW08WV009		528059		Guyandotte River		38.3571115304		-82.2241461137		2008		Smallmouth bass		Non Urban

		FW08WV031		549949		South Branch Potomac Rive		39.2768083637		-78.8117521372		2009		Smallmouth bass		Non Urban

		FW08WV031		544569		South Branch Potomac Rive		39.2768083637		-78.8117521372		2009		Smallmouth bass		Non Urban

		FW08WV032		526629		Greenbrier River		37.7300993781		-80.59442620		2009		Smallmouth bass		Non Urban

		FW08WV033		521809		Tug Fork		37.6003421406		-82.1568337429		2008		Smallmouth bass		Non Urban

		FW08WY016		545549		North Platte River		42.8520181403		-106.185853819		2009		Rainbow trout		Non Urban

		FW08WY016		544099		North Platte River		42.8520181403		-106.185853819		2009		Rainbow trout		Non Urban

		FW08WY021		543119		North Fork Shoshone River		44.47896710		-109.383026912		2009		Rainbow trout		Non Urban

		FW08WY029		547729		Nowood River		44.2644504756		-107.900914262		2009		Channel catfish		Non Urban

		FW08WY040		547429		Green River		41.9662138213		-110.000730254		2009		Brown trout		Non Urban

		FW08WY044		551939		Greys River		42.8129911209		-110.689021287		2009		Mountain whitefish		Non Urban

		FW08WY047		547419		North Platte River		41.6383835623		-106.937844403		2009		Brown trout		Non Urban

		FW08WY052		551839				42.8758091926		-110.03317785		2009		Mountain whitefish		Non Urban

		FW08WY068		547739		New Fork River		42.5624627527		-109.933649751		2009		Mountain whitefish		Non Urban
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Response to Reviewers: Reviewer #1 
 
Title:  The title describes the raw data but it does not address the comparison of the results to human 
and wildlife health thresholds and statements about the national condition of rivers and streams.  I 
suggest the authors consider a title that incorporates something about the probabilistic sampling and 
analysis method and/or assessing the national condition of rivers and streams.  This would also more 
clearly identify the paper as pertaining to the Section/Category: Environmental Toxicology and Risk 
Assessment.  However, I would note that other papers related to this topic have used similar titles.   
 
Response to reviewer comment #1 
We agree with the reviewer's suggestion. 
Title Changed to: A National Statistical Survey Assessment of Mercury Concentrations in Fillets of Fish 
Collected in the U.S. EPA National Rivers and Streams Assessment of the Continental USA. 
 
Abstract:  The abstract doesn't capture the whole article, and is short on explanation and some detail.  
In line 47-48 it would be helpful to the reader if rivers ≥5th order were also identified as "boatable," 
which is used elsewhere in the paper.  Line 49 introduces the human health impacts as a something 
addressed in the study, but in line 52, where the 300 ug/kg human health threshold is introduced, it is 
not defined or identified as relevant to human health.  Some readers will be left to wonder why this 
value is important.  On-the-other-hand, no thresholds are included in the discussion for wildlife.  The 
human health and wildlife impacts should be discussed in a consistent way in the abstract.  
 
Response to reviewer comment #2 
We agree with the reviewer's suggestion. 







Text in the abstract modified to accommodate reviewer's suggestions. 
 
Introduction: In general the Introduction does a good job of summarizing background on mercury 
contamination, toxicity, and other relevant similar studies.   Later in the report the authors base their 
discussion on "the relative uniformity of atmospheric deposition" of mercury (line 325).  This may be 
"relatively" true, but it would help if they laid the foundation for this statement in the Introduction and 
provided a reference. 
 
Response to reviewer comment #3 
 
Additional reference, Driscoll et al., 2013,added. 
 
Material and Methods: The basic methodology for design and site-selection is well explained except for 
why the sampling frame was divided into urban and non-urban sampling locations.  This distinction is 
typically not very important for mercury concentrations in fish.  This distinction would be most 
important to the results for organic chemicals that will be reported later.  I would consider 
acknowledging this.   
 
Response to reviewer comment #4 
We agree with the reviewer's suggestion. 
Additional text inserted line 153-158. 
 
Consider providing more information on the actual sizes (e.g., ranges) of fish collected as part of the 
Methods and possibly in the discussion.  Mercury concentration in many species is a highly correlated 
with size (length).  I hope that the samplers had more quantitative instruction on sizes of different 
species to be collected than "sufficiently large to provide adequate tissue." 
 
Response to reviewer comment #5 
 
We agree with the reviewer's suggestion. 
Additional text inserted lines 216-220, including lengths for non-urban and urban fish, immediately 
follow the most important  length related study aspect- the requirement to have uniformly-sized fish in 
the composite. 
 
Consider providing more information on how target species were selected for each site.  As I 
understand the method, only one species is collected at a site; and this collection represents a weighted 
portion of an entire water body and the US.  The mercury concentrations are likely to vary greatly 
between predator and non-predator species.  How did the samplers know which to get?  Do they have 
two or more options and they get the most abundant species?  Or do they have one assigned option?  Is 
it always the highest trophic level species?  Some information should be added on how a 
representative sampling of species was obtained.  
 
Response to reviewer comment #6  
We agree with the reviewer's perceived need for clarification. 
Additional text inserted describing the species selection process exercised in the field. 
 
Consider moving the Peterson et al. fillet to whole body equation and conversion factor into the 
Methods section (lines 226-228) rather than in the discussion on page 14 (lines 343-347).  It seems 
more appropriate here.  It appears that the regression equation was simplified to a 62% factor.  Is this 
the case?   
 
Response to reviewer comment #7  







We agree with the reviewer's suggestion. 
Translation formula was moved into the methods section from the (lines 275-276)  
 
Consider focusing on the lengths of rivers included in the study in this section and reducing discussion 
of lengths that had to be excluded (lines 232-243).  Perhaps that is a result that is only determined 
after samplers report.  It may be critical for over-all interpretation but it is not interesting detail.  What 
was the final number of miles excluded?  
 
Response to reviewer comment #8 
Having considered the language in the section the reviewer referred to, the authors respectfully 
maintain that this information provides an important perspective on the limitations of this and similar 
studies.  Problems with landowner access, state permitting, and non-boatable reaches at the time of 
sampling limited the scope of the study, and this section constitutes at least appropriate disclosure for 
these limitations. 
Final numer of miles (95,803) and km (152, 801) not included in the study for the reasons given 
included in the section (lines 294-295). 
 
Consider identifying whether the species sampled from urban and non-urban rivers were similar.  
Differences might impact the results.  Try to rule out bias.   
 
Response to reviewer comment #9 
We agree with the reviewer's suggestion to the extent that the data support. 
 Counts were made of LM and SM bass species and total catfish in the urban vs non-urban samples, and 
these data are presented in the Differences in Hg Concentration among fish species subsection in the 
Results and discussions section(lines 329-344, and in (new) Figure 6. 
 
The benchmarks are not always clearly identified in the discussion. 
*     Line 257, clearly indicate that the 300 ug/kg criterion is for 2 meals/month.   
*     Line 269, identify that the benchmark references being used is 300 ug/kg.   
 
Response to reviewer comment #10 
We agree with the reviewer's suggestion. 
Text added to clarify 2 meals/month and specify 300 ug/kg Hg (Lines 302, 309). 
 
While I agree that lakes and rivers are different methylation environments it seems that species 
differences that could also contribute to the difference in exceedances discussed in lines 272-280.   
 
Response to reviewer comment #11 
Discussion of species in NFLTS and NRSA. We agree with the reviewer's suggestion and that some 
further discussion and clarification is warranted. 
A comparison is made of species and exceedances, lines 329-344. 
 
Lines 281-292: this discussion can be hard to follow for those unfamiliar with the USEPA thresholds 
and ranges within meal frequency categories.  The exact range for one meal per week is 120-230, but 
there are hazard-based ranges for three and two meals per month too.  States that jump from one meal 
per week advice to one meal per month at the 230 "threshold" are probably doing so for simplicity of 
messaging.  I think this statement (line 289-290) is incorrect: "Above this threshold [230] consumption 
is recommended to be less frequent than one meal per month and EPA recommends [my paraphrase, 
certain population avoid fish above 230]"  It should be "one meal per week."  You already stated that 
most states recommend exactly one meal per month beyond 230, not no consumption.  Or do you mean 
that the states use 230 as the threshold for recommending one meal per month and USEPA uses it in 







the National Advisory for do not consume/avoid?  Since you focus your interpretations in this study on 
thresholds at 300 and 120 is this discussion about the 230 value important for your conclusions?  
 
Response to reviewer comment #12 
We agree that the section needs clarification and that the 230 ug/kg level is not supported by the 
statistical screens conducted of the weighted fish tissue data. 
Substantial changes made lines 345-354. 
 
Line 299-300, Scudder et al., 2009, USGS, found a significant difference for largemouth bass between 
urban and non-urban rivers.  In their study the non-urban rivers were higher.  I wonder if this 
difference is due to species differences.  Consider noting the difference between studies here or in lines 
312-314. I am not convinced by "anecdotal evidence" that "higher" urban levels of mercury are due to 
POTWs and industrial sources of mercury creating hoter spots in the uniform atmospheric deposition 
of mercury. Given the low resolution local information in this study this is fairly speculative.  This 
might better be seen in local TMDL studies.   
 
Response to reviewer comment #13 
We agree with the reviewer's suggestion that both these sections would benefit from further 
clarification. 
Further discussion is included on urban/non urban and species differences- lines 399-417 and 462-
463, along with the addition of a new Figure 6. 
 
Line 331, others have found higher levels of mercury in streams in mercury and gold mining areas in 
WMTS.  The difference may not be significant but mining is important to mercury levels in WMTS. The 
Geysers geothermal area is also in a mercury rich area.  What about the other elevated value that you 
don't name?  Is it in mining area?  It seems worth acknowledging this local source if it mining.   
 
Response to reviewer comment #14 
We agree with the reviewer's observation and tracked down the context of the other elevated value. 
We tracked down the other value and revealed it in line 387. 
 
 
Lines 333-336, "in this study, weighted Hg concentrations were markedly higher for water represented 
by composite samples of predatory species … than bottom dwellers."  OK, there is a species effect.  
Which water bodies?  Can you show this in a table or figure?  How many weighted miles are 
represented by predators, bottom dwellers, and trout/salmonids?  Are these species groups equally 
distributed between sub-group regions?  Can you show that in sub-bars (e.g. Fig 4) for the species in 
Fig 5?  
 
Response to reviewer comment #15 
The percentages of sampled sites in non-urban and urban waters where the sampled species were 
catfish or bass are indicated in a new Figure 6.  Given that no statistically-significant difference was 
demonstrated between the two subgroups, delving into the species-by-species concentrations may not 
be productive, and would not be supported by the small resulting  n for the sample groups.  For organic 
analytes, there was a significant difference for some but not all of the assessed compounds (PCBs, 
PBDEs, Chlordane, DDT, and other pesticides.  That paper is in preparation.  
The additional elucidation that can be provided on the question raised by the reviewer is included in 
lines  394-417. 
 
Lines 350-355, provide references for the wildlife values you introduce here.   
 
Response to reviewer comment #16 







We agree with the reviewer's observation  
Citation added line 423. 
 
Lines 380-382, "the apparent elevation of the WMTS subgroup may be attributable to its smaller 
sample size in conjunction with one or more anomalously high tissue concentration values associated 
with local Hg sources."  I would not consider WMTS local source values anomalous when they are 
associated with local sources.  I would consider that it shows that local sources can be important above 
and beyond atmospheric deposition.  Isn't that what you proposed for high urban mercury values?  We 
just don't always see statistical significance, especially with unequal samples sizes.  
 
Response to reviewer comment #17 
We agree with the reviewer's concern for the meaning conveyed. 
Changes made to clarify the statement, selected a word other than "anomalous" and underscore the 
distinction being made between the local variation being observed and the relative uniformity 
otherwise characterizing the data , lines 454-456. 
 
Lines 387-389, I found this discussion awkward.  See if you can restate. 
 
Response to reviewer comment #18 
 We agree with the reviewer's observation  
Clarified text, lines 454-456. 
 
Figures and Tables: 
Fig 2: I suggest labeling the x-axis mercury concentrations as ug/kg fillet ww.  Then state in the 
"threshold label boxes" that the human health values are equivalent to a wildlife XXX ug/kg whole body 
concentration.  Also are these weighted Hg concentrations? 
 
Response to reviewer comment #19 
We agree with the reviewer's suggestion. 
Changes made to Figure 2 consistent with reviewer's suggestion. 
 
Fig 4: Check on the key to the left of the graphic.  It moved around when printed, got garbled, and was 
missing a label for the eagle/loon threshold.  On this graphic why are the wildlife values not on the 
same line as respective human health values in Fig 2?  If these lines move does that impact your 
assessment and discussion?  I may be missing the difference here, but you should make it clear why 
these two figures show the thresholds differently.  
 
Response to reviewer comment #20 
We followed up on the reviewer's concern. 
Technical issues with Figure 2 and 4 have been addressed.  The figures are  also provided as PDFs for 
image stability. 
 
Fig 5: as noted earlier I would be interested in a region sub-group or urban/non-urban version of this 
species figure. 
 
Response to reviewer comment #21 
While we appreciate the desire of the review for a higher degree of resolution of the data, the design of 
this study is focused on nationally-representative indices of assessment, and this comes at the expense 
the ability to resolve distinctions beyond the primary sub-populations described- ecoregions (3), 
urban vs. non-urban sites, and the species included in Figure 5.  
No action taken with regard to this particular comment, but text in lines 394-417 addresses this issue. 
 







References: double check all references in the Reference list and in the text.   
USEPA, 2000 is cited in several places.  It is not listed in the References. 
Several references in the text either were given the wrong date, or a reference with the same authors 
for that date is missing in the Reference list. 
   
Response to reviewer comment #22 
We followed up on the reviewer's concern. 
 
Reviewer #2 
In general, the study has the potential to contribute to the very large literature on Hg in freshwater 
systems, however, the authors while contributing their data and analysis do not compare their results 
adequately to the many other studies conducted on similar systems. In fact, there was only mention of 
the many studies conducted by the USGS on mercury in rivers of the US.  The introduction is very 
under-cited suggesting that the authors have not delved into the Hg literature adequately. In addition, 
the Results and Discussion section of this study were not much more than results in that very little 
discussion was made of the study results in the context of the vast literature on Hg in riverine systems. 
And the final Conclusions were also a repeat of the results. The paper needs to be placed in the context 
of the existing literature in order for its contribution to the field to be revealed. This has not been 
accomplished by the authors in the current version of this paper. 
 
Response to reviewer comment #23 
While the point is taken by the authors that the context of the current study could have been more fully 
expressed in the paper, the wealth of literature on the subject of Hg deposition, transport, and impacts 
is broadly cited, and the authors have little to add to this body of knowledge that has not already been 
summarized.  Reference now made in the revised version to treatments of the subject matter (e.g., 
Driscoll et al., 2013) that more fully discuss this context aspect that would be appropriate for this 
paper.  Furthermore, word count guidance from the publisher was and is an issue. 
Additional appropriate reference inserted. 
 
Specific Comments: 
Introduction: The first 4 paragraphs of the introduction are very general and really could be reduced to 
one paragraph. They do not help to "funnel" the reader down to the focus of this study. 
 
Response to reviewer comment #24 
The authors believe that most readers expect a certain amount of general background information on 
the topic and the issue(s) being addressed.  We agree, however, that some funneling is appropriate and 
include additonal language to that end. 
Additional text providing "funneling" language is included in lines 153-158. 
 
Line 73. While the Amos paper is an appropriate reference for the general statement about humans 
increasing atmospheric Hg concentrations, there are many references for this and a few more should 
be listed.  
 
Response to reviewer comment #25 
We agree with the reviewer's suggestion. 
Additional references have been added to the introduction lines 79-86. 
 
Line 74. While fossil fuel combustion is the predominant sources of Hg in the US, the UNEP 2012 report 
indicates that artisanal scale gold mining is an equally large if not greater source globally. 
 
Response to reviewer comment #26 
We agree with the reviewer's suggestion.  







Added reference and citation added at lines 77-79. 
 
Line 77. Remove hyphen in "bio-accumulates". 
 
Response to reviewer comment #27 
Editorial recommendation is appreciated.  
Hyphen removed. 
 
Line 78. Again, while Sunderland et al. 2009 is a reasonable citation for this general statement, there 
are also many others, some of which should be cited here.  
 
Response to reviewer comment #28 
We agree with the reviewer's suggestion.  
Added reference and citation added at line 84-86. 
 
Line 83, 86. These general statements are also under-cited. 
 
Response to reviewer comment #29 
We agree with the reviewer's suggestion.  
Added reference and citation added at line 84. 
 
Line 91. Remove double space. 
 
Response to reviewer comment #30 
Editorial recommendation is appreciated.  
Space removed at line 96. 
 
Line 97, 98. These two general sentences need citations 
 
Response to reviewer comment #31 
We agree with the reviewer's suggestion.  
Additional citation added at line 104. 
 
Line 111. This fact should be cited. 
 
Response to reviewer comment #32 
The applicable reference is at the end of the sentence. No action taken. 
 
Lines 126-131. While some of the USGS studies are mentioned in this paragraph, nothing is mentioned 
to distinguish the approaches of the two agencies and nothing about the findings about "patterns and 
mechanisms" identified in the USGS studies is mentioned here. 
  
Response to reviewer comment #33 
We agree with the reviewer's suggestion.  
Additional discussion and citation added lines 138-143. 
 
Line 138. There is not prior discussion in the introduction as to why it would be important to compare 
urban to non-urban systems. This could have been discussed in the previous paragraph from some of 
the findings of Chalmers et al. 2011 and 2014, the latter of which should be cited by the authors 
(Environmental Pollution 192 (2014) 104-112.  
 
Response to reviewer comment #34 







We agree with the reviewer's suggestion.  
Additional discussion and citation added lines 170-181. 
 
Line 181. The pooling of fillets with the skin left on is not always the standard approach for fillet 
samples taken for Hg studies. This may make it problematic to compare the data to other studies in 
which skinless fish fillet Hg concentrations are reported. I assume that this was done to capture the 
exposure to other organic contaminants. This aspect of this study needs to be mentioned and discussed 
more thoroughly.  
 
Response to reviewer comment #35 
We agree with the reviewer's suggestion.  
Additional discussion and citation added lines 221-229. 
 
Line 253-262. This paragraph is really the text that should be in the figure legend. The description of 
the results in this figure and the discussion of the result needs to be developed much further.  
 
Response to reviewer comment #36 
We agree with the reviewer's suggestion, although the authors are attempting to be parsimonious with 
words. The legends in Figure 2 were clarified and expanded to address this comment and reference in  
text added lines 313-321. 
 
Lines 263-266. This text is also more appropriate in a table legend. The "results" need to describe what 
the data show and the "discussion" needs to put it in the context of the Hg literature. 
 
Response to reviewer comment #37 
We agree with the reviewer's suggestion.  
Additional discussion of the findings of this study vs other cited studies is discussed at some length in 
lines 399-417. 
 
Lines 279-80. This is one of the few references to the USGS studies on Hg in stream and rivers. There 
needs to be a more substantive discussion of the similarities and differences between the results of this 
study and the Chalmers study. 
 
Response to reviewer comment #38 
We agree with the reviewer's suggestion.  
Additional discussion of the findings of this study vs other cited studies is included in lines 399-417. 
 
Lines 281-283. This sentence is redundant with Line 267. 
 
Response to reviewer comment #39 
We agree with the reviewer's observation.  
The two mentions of this fact are combined and expanded. 
 
Line 284. This mention of "Other analyses of the data" begs the question as to why these were not 
included. 
 
Response to reviewer comment #40 
The range was not considered a threshold appropriate for a weighted statistical screen of the data. 
 
Line 292. This line stating that only 1.5%of waters exceeded the 230 µg/kg EPA threshold does not 
seem compatible with the earlier statement that 25.4% of river miles exceeded the 300µg/kg 
threshold.  







 
Response to reviewer comment #41 
We agree with the reviewer's observation.  
The authors appreciate the identification of an editing error, which has been corrected. 
 
Response to reviewer comment #42 
 
Line 299. This should say "no statistical difference". 
 
Response to reviewer comment #43 
We agree with the reviewer's suggestion.  
Text change line 363. 
 
Line 315-322. There is no discussion here about the contrasting results of other studies in which Hg in 
fish is lower in urban than non-urban areas. This needs to be addressed in this discussion. In both the 
northeast and the Great Lakes regions, Hg in fish increases with forested land use and decreases with 
urban land use. This results of this study do not agree with this. Why? 
 
Response to reviewer comment #44 
We agree with the reviewer's suggestion.  
Additional discussion of the findings of this study vs other cited studies is discussed at some length in 
lines 399-417. 
 
Lines 323-326. Since the authors note that the high WMTS fish concentrations are likely due to a few 
elevated sample values, why were the outliers not removed and the analysis repeated? Perhaps an 
outlier test should have been done.  
 
Response to reviewer comment #45 
The reviewer's point has merit, but the outliers that are legitimate values must be included when doing 
population estimates.  They are part of the population, just have extreme values.  With that said, they 
can significantly impact mean estimates or extreme percentile estimates, which they do for WTMS.  To 
exclude them implies that we are excluding all rivers that have extreme values, which is not 
representative.  Hot spots exist, and we sampled two among this relatively modest WMTS random 
sample popultaion. 
No action taken 
 
Lines 393-397. This separate section on additional analyses is not necessary here. The additional 
analytes could be mentioned in the methods.  
 
Response to reviewer comment #46 
We agree with the reviewer's suggestion.  
Text deleted and new text  inserted into discussion to explain urban/non-urban distinction. 
 
Figures and Legends 
In general, the legends could have more information much of which is in the text of the results. 
 
Response to reviewer comment #47 
We agree with the reviewer's suggestion in some instances and in others, locating figures proximal  to 
explanations in the text will address this comment. Changes have been made to Figure 2. 
 
Note: 
 







Line references are to the CLEAN Version of this article in the attached documents 
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Highlights 


 Hg fish tissue results from 541 U.S. sites on =>5
th


 order streams in 2008-2009. 


 Site selection was probabilistic and nationally-representative. 


 25.4% (137 sites, 13,071 river miles, (21,036 km)) >300 ug/kg HH and WV 


thresholds.   


 No difference observed between results from urban vs. non-urban sites or among 


three eco-regions. 


 Most exceedances in top predator species. 
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Dear Dr. Maruya: 


My co-authors and I are pleased to present to you our revised manuscript for the article submitted to 


Chemosphere in July of this year and which was designated by Chemosphere as CHEM33307.  


As per one of the comments of reviewer #1, we have changed the title of the paper to: 


A National Statistical Survey Assessment of Mercury Concentrations in Fillets of Fish 


Collected in the U.S. EPA National Rivers and Streams Assessment of the Continental USA. 


This change in title is not only responsive to the reviewer’s comment, but it underscores the issue 


underlying many of the comments of both reviewers, which relate to the nature of the statistical 


approach applied in this and other U.S.EPA surveys of waters which are designed and conducted to 


be representative of all waters of a given class in the U.S., in this case rivers =>5
th


 order.  


Investigations conducted by most other organizations or entities are conducted for other purposes 


and employ other statistical approaches and tools which are appropriate for those purposes.  Those 


studies are duly cited and credited, especially in this revised version. 


This study differs from most others in that the statistical inferences here are to all rivers in the 


population and are not just a reflection of the sites.  This is assured by the analysis of random 


samples of the stream population of interest. This divergence in approach is the focus of differences 


in the results of this study vs. other cited studies for urban waters.  We make inferences for all rivers 


in all urban areas.  Other investigators make inferences for the set of urban sites that they sampled.  


While it is possible that our sample differs from the true mean for all urban rivers, that is part of 


what the confidence limits help to quantify. 


Other aspects of the statistical method such as the treatment of high values and the inability to 


resolve comparisons between smaller subgroups are addressed in revisions to the manuscript and/or 


the response to reviewers document which is included. 


We very much appreciate the thoughtful comments of both reviewers, which we believe have 


resulted in a greatly improved manuscript which will be of interest to you readers and the scientific 


community at large. Thank you for your attention to and interest in this manuscript. 


Sincerely, 


John B.Wathen 


Corresponding author 
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Abstract  


The U.S. EPA conducted a national statistical survey of fish fillet tissue with a sample size of 


541 sites on boatable rivers ≥5
th


 order in 2008-2009. This is the first such study of mercury (Hg) 


in fish tissue from river sites focused on potential impacts to human health from fish 


consumption to also address wildlife impacts.  Sample sites were identified as being urban or 


non-urban.  All sample mercury concentrations were above the 3.33 ug/kg (ppb) quantitation 


limit, and an estimated 25.4% (±4.4%) of the 51,663 river miles assessed exceeded the U.S. EPA 


300 ug/kg fish-tissue based water quality criterion for mercury, representing 13,144 +/-181.8 


river miles.  Estimates of river miles exceeding comparable aquatic life thresholds (translated 


from fillet concentrations to whole fish equivalents) in avian species were similar to the number 


of river miles exceeding the human health threshold, whereas some mammalian species were 


more at risk than human from lower mercury concentrations.  A comparison of means from the 


non-urban and urban data and among three ecoregions did not indicate a statistically significant 


difference in fish tissue Hg concentrations at p<0.05. 
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Figure 4.  Estimated Percentile Values (with 95% confidence limits) for Subgroups with 
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Figure 5. Percentage of river miles by species/family exceeding EPA’s 300 ug/kg human 


health fish tissue-based Water Quality Criterion 
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Figure 6.  Relative percentages of Catfish and Bass 
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Table I.  Sampled stream length estimates and mercury concentration estimates by sub-groups  


    (Hg ww ug/kg) 


Statistic National 


n =541 


Non-Urban 


n =379 


Urban 


n=162 


EHIGH 


n =190 


PLNLOW 


n =280 


WMTS 


n =71 


River Miles 51,663 40,752 10,911 14,738 29,739 7,186 


River km 83,145 65,584 17,559 23,718 47,861 11,564 


5
th
% ile 37.2 34.6 61.7 45.6 37.2 31.5 


25
th
 % ile 96.2 90.9 114.8 100.5 99.7 81.4 


50
th
 % ile 175.6 170.5 200.6 176.0 180.1 125.3 


75
th
 % ile 302.7 302.6 309.1 274.8 298.8 346.1 


95
th
 % ile 583.6 578.8 803.3 535.2 578.8 854.1 


Mean 228.9 223.3 250.2 210.0 231.4 257.5 


Maximum 


Observed 


1,419 1,419 854 854 1,419 1,272 
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Abstract  47 


The U.S. EPA conducted a national statistical survey of fish fillet tissue at with a sample size of 541 48 


sites on boatable rivers ≥5th order in 2008-2009. This is the first such study of mercury (Hg) in fish 49 


tissue from river sites focused on potential impacts to human health from fish consumption to also 50 


address wildlife impacts.  Sample sites were identified as being urban or non-urban.  All sample 51 


mercury concentrations were above the 3.33 ug/kg (ppb) reporting quantitation limit, and an estimated 52 


25.4% (±4.4%) of the 51,663 river miles assessed exceeded the U.S. EPA 300 ug/kg fish-tissue based 53 


water quality criterion for mercury and, representing 13,144 +/-181.8 river miles.  The Estimates of 54 


percentage of river miles exceeding comparable aquatic life thresholds (translated from fillet 55 


concentrations to whole fish equivalents) for a number of in avian and mammalian species were also 56 


estimated based on a translation of fillet concentrations to whole fish equivalentswere similar to the 57 


number of river miles exceeding the human health threshold, whereas some mammalian species were 58 


more at risk than human from lower mercury concentrations.  A comparison of means from the non-59 


urban and urban data and among three ecoregions did not indicate a statistically significant difference 60 


in fish tissue Hg concentrations at p<0.05. 61 
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This paper presents a nationally-representative estimate of the mercury concentrations of in fish tissue 70 


U.S. rivers based on 5a statistical survey of 541 composite samples collected in 2008-2009.  71 
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I.  Introduction 72 


Mercury (Hg) is a metal that is persistent, bioaccumulative, and toxic in the environment.  It is 73 


a constituent of minerals in rocks and soil that enters the atmosphere by the natural degassing of the 74 


earth’s crust and recycling by volatilization of atmospherically deposited mercury, as well as being 75 


mobilized to the environment from anthropogenic sources. Human activities have enriched the 76 


atmospheric content of mercury by a factor of 7.5 times compared to levels predating emissions from 77 


most human activities (Amos et al., 2013). These activities include mining (including gold extraction), 78 


manufacturing, Portland cement production, medical waste incineration, and most prominently, the 79 


combustion of fossil fuels, especially coal (UNEP, 2008).  As of 2005, however, artisan and small 80 


scale gold mining were second only to fossil fuel combustion as sources of Hg emissions to the 81 


atmosphere (Pacyna et al., 2010).  Future levels of Hg emissions depend on the degree of 82 


implementation of measures to remove Hg from fossil fuel combustion emissions in the context of 83 


rising demand for electricity (Streets, et al.,2009) When Hg is deposited in water, a large portion is 84 


converted, by chemical and biochemical processes either in sediments or in the water column, from 85 


inorganic Hg to toxic methylmercury (MeHg) that bio-accumulates in fish muscle (Sunderland et al, 86 


2009).  Despite very effective efforts to reduce emissions of Hg in many countries, including the U.S., 87 


Hg emissions from Asia continue to increase (Wilson et al., 2010) with potential implications for 88 


increased human exposure in the U.S. and elsewhere (Sunderland et al, 2009, Driscoll et al, 2013). 89 


Future levels of Hg emissions will depend on the degree of implementation of measures to remove Hg 90 


from fossil fuel combustion emissions in the context of rising demand for electricity (Streets, et 91 


al.,2009).   92 


Research has shown that exposure to Hg and its compounds through the consumption of fish 93 


containing Hg can cause a range of toxic effects in humans, as well as in piscivorous mammalian and 94 


avian wildlife (U.S. EPA, 1997). At doses that result from moderate rates of maternal fish 95 
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consumption, exposure of fetuses to Hg in utero can later manifest in children as deficits in subtle 96 


neurological end points such as lowered IQ, decrements in motor function, attention, and visuospatial 97 


performance (NAS, 2000).  Evidence of early childhood effects at low levels of prenatal exposure is 98 


clear, and other health effects are likely, including cardiovascular effects and, to a lesser extent, 99 


immune system suppression (Karagas et al., 2012). Recent analyses also suggest an association 100 


between toenail Hg levels in young adults and the incidence of diabetes in later life (He et al., 2013).  101 


The thresholds for neurodevelopmental effects of mercury exposure discussed in this manuscript are 102 


based on U.S. EPA reference dose of 0.1 ug/kg of body weight/day  for exposure to Hg (U.S. EPA, 103 


2001b) relative to fish tissue concentrations detected in samples collected by the U.S. EPA. A 104 


reference dose (RfD) is an estimate of a daily exposure to the human population (including sensitive 105 


subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime., 106 


Wildlife are exposed to Hg and MeHg from a variety of environmental sources, mine tailings, 107 


industrial effluents, agricultural drain water, impoundments and atmospheric deposition from the 108 


electric power generation industry. At the higher levels of the food chain, piscivorous birds and 109 


mammals are among the highest risk receptors of MeHg contamination (Wolf et al., 1998).  Toxicity of 110 


Hg to piscivorous birds and mammals includes damage to the nervous, excretory, and reproductive 111 


systems. (Wolfe et al. 1998). In 1997, EPA identified wet deposition as the primary mechanism by 112 


which atmospheric Hg is transported to surface waters and land, although dry deposition may also 113 


contribute substantially (U.S. EPA, 1997). More recently, Driscoll et al. (2013) provide a full 114 


description treatmentof Hg sources, transport and deposition mechanisms, and both human health and 115 


ecological effects, and citeing atmospheric deposition as the primary mechanism of redistribution of 116 


mercury.   117 


Large-scale studies of contaminants in fish tissue have found widespread evidence of Hg 118 


contamination. In a survey of lakes in the northeastern United States in 1992-1994, the U.S. EPA’s 119 
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Environmental Monitoring and Assessment Program (EMAP) analyzed whole fish composite samples 120 


for inorganic and organic contaminants, including Hg. It was found that 26% of northeastern lakes 121 


contained fish with Hg levels that exceeded the critical value for humans (200 ug/kg at that time), 54% 122 


of lakes exceeded wildlife critical values for piscivorous mammals (100 ug/kg), while 98% exceeded 123 


wildlife critical values for birds (20 ug/kg) (Yeardley et al., 1998). During the period 1993-1994, an 124 


EMAP survey of fish in the Mid-Atlantic Region found that small fish tissue concentrations exceeded 125 


the  kingfisher Wildlife Value (30 ug/kg ) over 72% of the stream length. Wildlife Values (WVs,) have 126 


been defined as the concentration in fish at which chronic effects to piscivorous wildlife occur 127 


(Lazorchak et al. 2003). In 2004 and 2005, the EMAP Great Rivers Assessment measured Hg 128 


concentrations in whole fish from the Upper Mississippi, Missouri, and Ohio Rivers to characterize the 129 


extent and magnitude of Hg contamination and to identify environmental factors influencing Hg 130 


accumulation (Walters et al., 2010). Across all three large river systems, Hg levels exceeded the WV 131 


for belted kingfisher  in 33-75% of river length and exceeded the human health criteria in 1-7% of river 132 


length.  133 


More recently, the U.S. EPA conducted the National Lake Fish Tissue Study (Stahl et al., 134 


20089), which employed a national-scale statistical survey design and targeted human exposure to Hg 135 


by focusing on the fillet, the edible portion of collected species. This national lakes study included 486 136 


composite predator fillet samples collected from 500 randomly-selected lakes during 2000-2003.  In 137 


this nationally representative study, fish tissue from 48.9% of the lake population assessed exceeded 138 


the U.S. EPA’s 300 ug/kg human health fish tissue-based water quality criteria (WQC) for Hg (U.S. 139 


EPA, 2001a). 140 


The U.S. Geological Survey (USGS) has conducted extensive studies of national and regional 141 


fish-tissue contaminant data by combining results of several separate targeted studies conducted over 142 


time, analyzing the data and characterizing contaminant levels on the basis of region and watershed 143 







7 


type, including propensity for methylation and fish characteristics (Chalmers, et al., 2011, Scudder et 144 


al., 2009, ), (Schmitt, 2002).  These studies have led to identification of patterns and mechanisms of 145 


Hg accumulation in fish including the propensity for methylation to occur in watersheds with abundant 146 


wetlands (Brigham et al., 2009, Scudder et al., 2009). USGS continues to emphasize locally-focused 147 


studies which are national in their distribution (Brigham et al., 2014, Feaster et al., 2014, Chalmers et 148 


al., 2014) and explore causative mechanisms for the observed variations in Hg concentrations in a 149 


variety of media and settings. 150 


The present work reports the results of a 2008-2009 National Rivers and Streams Assessment 151 


(NRSA) survey of rivers in the 48 conterminous United States to investigate Hg concentrations in 152 


composited fillet samples (Figure 1). The survey is nationally-representative of the class of waters (5th 153 


order and greater rivers that are boatable) from which the sample of 541 sites was drawn. The fish 154 


tissue sampling efforts of this study are focused on providing information for assessments of human 155 


health impacts of fish consumption.  Results were also used to estimate contaminant exposures to 156 


wildlife and aquatic species that consume fish and to compare urban and non-urban sub-groups of sites 157 


as well as sites located in each of three National Aquatic Resource Assessment (NARS) ecoregions: 158 


West and Mountains (WMTS), Plains and Lowlands (PLNLOW), and Eastern Highlands (EHIGH) 159 


(Figure 1). The design of this study is intended to produces assessment results that are representative 160 


nationally, for, three regionallyregions, and by urban and non-urban subgroups and relate those  to 161 


results to both human health and wildlife effects.  The statistical survey design requires estimates for 162 


the assessments to incorporate weights that reflect the stratification and unequal probability of 163 


selection.  This ensures that the inference (results) apply to all boatable, 5th order and greater rivers in 164 


the conterminous states.  Because of the weighted probabilistic nature of the sample design, 165 


resultsResults from this study may differ from those employing other sample design non-survey design  166 


methods for selection of sites (Peterson et al.,1998). 167 
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II.  Materials and Methods 168 


NRSA Design and Site Selection. The NRSA included 1,924 sites within the conterminous 169 


United States that were sampled for a range of environmental indicators, including concentrations of 170 


toxic chemicals in fish tissue (U.S. EPA, 2013).  Fish tissue samples were collected at a subset of 541 171 


sites that met the three criteria for the river population of interest for the fish tissue contaminant study: 172 


(1) boatable U.S. rivers of 5th order and greater (Strahler, 1957); (2) having a permanent fish 173 


population; and (3) flowing water during the study period (including the Great Rivers and run-of-the-174 


river ponds, but excluding portions of tidal rivers up to head of salt, and reservoirs).  The sample frame 175 


was derived from the National Hydrography Dataset (NHD) and included Strahler stream order 176 


attributes (http://water.epa.gov/scitech/datait/tools/waters/index.cfm).  NHD-Plus and the U.S. Census 177 


Bureau national urban boundary GIS coverage layers were used to establish the urban attribute so that 178 


both non-urban and urban samples could be identified.  Non-urban and urban subpopulations were 179 


identified for two purposes. First, analytes other than Hg, including legacy organo-halogen compounds 180 


(entire sample set), perfluorinated compounds, and synthetic musks (only the urban subpopulation) , 181 


were also determined for samples in this study and are being described in other publications. In the 182 


case of the perfluorinated compounds and synthetic musks, the smaller urban subpopulation better 183 


aligned with the budgetary resources available to perform the analyses.  Secondly, the question of 184 


variable impacts to non-urban and urban populations and attendant questions of environmental justice 185 


wereare of interest to U.S. EPA.   The distinction between urban and non-urban sampling locations 186 


was based on the most recent available U.S. Census Bureau data and the following definition: an 187 


Urban Area consists of contiguous densely settled census block groups that meet minimum population 188 


density requirements, along with adjacent densely settled census blocks that together encompass a 189 


population of at least 50,000 people.  190 
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 Sampling sites were selected using a probability-based approach (Stevens and Olsen, 1999, 191 


Stevens and Olsen, 2004), generally applying the spatial methodology that had been used for lakes in 192 


U.S. EPA’s National Lakes Fish Tissue Study (Stahl, et al., 2008) to major U.S. rivers (Olsen at al., 193 


2008). Selection probabilities were defined for 5th order or larger rivers in the lower 48 states so that 194 


the expected number of urban sites would be at least 150.  The numbers of sites where samples were 195 


collected were limited by logistical factors, such as failure to obtain a fishing permit, absence of fish of 196 


the appropriate species and/or size at a given site, and time constraints for fish sampling.  Fish tissue 197 


samples were collected from a total of 162 randomly selected urban rivers sites and 379 non-urban 198 


river sites. These totals included sampling locations in 46 conterminous states. Sampling included 154 199 


5th order river sites, 162 6th order river sites, 99 7th order river sites and 126 sites from rivers 8th order 200 


and above.  201 


 Sample Collection. One composite sample containing a single fish species was collected from 202 


each site (Figure 1).  Target species and individual specimens for the fish composite samples were 203 


selected based on a consistent set of criteria. Species were selected to be ubiquitous, abundant, and 204 


easily identified.  , and commonly consumed by humans. Individual specimens of the species were 205 


selected to be adults of similar size (the length of the smallest individual in a composite could not be 206 


less than 75% of the total length of the largest individual) and sufficiently large (i.e., adult specimens) 207 


to provide adequate tissue for analysis (U.S.EPA, 2009).Fish Lengths  208 


 During required training sessions, all study participants were provided a list of recommended 209 


species for fish tissue sampling and were instructed to specifically target those species.  A total of 15 210 


species were included in that target list (in the Field Operations Manual and QAPP) and all were 211 


predator (typically top carnivore) species.  Consistent with the human health context of the study, the 212 


focus was on sport/game fish that are commonly consumed by humans and of sufficient size to be of 213 


interest to anglers, and species that had a wide geographic distribution.  The target species list included 214 
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members of the sunfish (with largemouth and smallmouth bass preferred), trout/salmon, pike, 215 


temperate bass, perch, and catfish families.  Every effort was made to collect the desired species; 216 


however, the outcome of the field sampling efforts ultimately depended on the natural diversity and 217 


abundance of fish at each sampling site.  The fish that were available to be taken dictated the mix of 218 


species collected at the sites, similar to conditions that would be encountered by anglers seeking fish 219 


for sport or susteainance. 220 


 Field teams used active methods (i.e., electrofishing) to collect fish samples from each site 221 


during a May through September field sampling period in 2008 and 2009.  A routine composite sample 222 


consisted of five fish, but composites containing fewer than five fish were accepted in an effort to 223 


retain a sample from each target river segment (41% of the composites).  The lengths of fish collected 224 


were similar in non-urban and urban waters.  The mean length of fish taken from non-urban waters was 225 


364.7 mm (min 101 mm, max 790 mm, S.D. 98.3 mm), and the mean length of fish from urban waters 226 


was 362.8 mm (min 112.5 mm, max 702 mm, S.D. 93.4 mm) Whole fish were shipped on dry ice to 227 


the designated sample preparation laboratories for storage until subsequent preparation (filleting and 228 


homogenization). 229 


  230 


 Sample Preparation. Fish were filleted in the laboratory by trained technicians.  Scales 231 


In order not to excise fatty tissue likely containing organic contaminants also of interest in this study, 232 


scales were removed from fish, then lateral muscle fillets from both sides of each fish were prepared 233 


with skin on and the belly flap (ventral muscle and skin) attached. .  This method maintains 234 


consistency in preparing fillet samples for chemical analysis among EPA’s national and regional-scale 235 


fish tissue studies and follows EPA’s Guidance for Assessing Chemical Contaminant Data for Use in 236 


Fish Advisories (U.S.EPA 2000a)., By being consistent with this guidance, it to enables comparison of 237 
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fish tissue results among the EPA fish tissue studies and to reduces variability for trends analysis when 238 


fish tissue studies are repeated periodically. 239 


 Fillets were composited using the batch method, where fillets from all of the individual 240 


specimens that comprise the sample were homogenized together, regardless of the proportional weight 241 


of individual fish.  Each composite was homogenized using a tissue grinder, mixed thoroughly to a fine 242 


paste of uniform color and texture, and a 1-g aliquot was removed for Hg analysis. Fish collection and 243 


handling methods along with details of sample preparation are described in detail in U.S. EPA (2009). 244 


Tissue Sample Analysis. Fillets were analyzed for Hg with a Direct Mercury Analyzer (DMA-245 


80; Milestone, Inc) using EPA method 7473 and Milestone Application note HG-0 (U.S. EPA 2007).  246 


The method detection limit (MDL) was calculated to be 1.49 ug/kg (ppb or parts per billion) Hg using 247 


40 CFR Part 136, Appendix B.  The quantitation limit (QL) is 3.33 ug/kg mercury, based on a low 248 


calibration point of 0.001 ug mercury and nominal sample weight of 0.33 grams.  The certified liquid 249 


QC standards for each run were purchased as single elements at 1000 ppm.  The primary standard was 250 


purchased from Ricca and the secondary QC standard was purchased from Spex Claritas. Two internal 251 


standard calibration curves were prepared using standard solutions. The low-range curve included five 252 


points ranging from 0-0.020 ug and the high range curve included 12 points ranging from 0.030-0.400 253 


ug, with each curve yielding R2 values >0.99. Calibration check standards were run at the beginning 254 


and end of each batch for both the low and high curve. A secondary source standard and a sample of 255 


certified reference material (CRM DORM-2, dogfish muscle) were also analyzed once per batch. All 256 


check standards and reference material measurements were within ±20% of the actual value. 257 


Laboratory blanks were run once per batch and were all less than three times the MDL. One laboratory 258 


fortified matrix sample (LFM) spiked at a concentration of 25 ug/kg was run per batch to determine the 259 


influence of the matrix, with recoveries being within ±20% of the spiked amount or the result was 260 


flagged as estimated. Each batch consisted of 12 samples run in duplicate. Reported values were the 261 
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mean of two analyses, with the relative percent difference between duplicates being less than 25%. 262 


Reported values were not blank-subtracted or recovery-corrected.    263 


Analysis of organic compounds. Additional fillet sample aliquots from these sites have also 264 


been aanalyzed for 53 legacy organo-halogen compounds, including pesticides and flame retardants, 265 


and samples from the 162 urban sites have also been analyzed for perfluorinated compounds, including 266 


PFOS. Analyses of these data are ongoing and will be reported separately.. 267 


 268 


  269 


Statistical Analysis. The NRSA survey design and survey analysis results in national and 270 


regional estimates of contaminant concentrations.  The statistical estimates are based on weighted 271 


means of the analytical results from sites.  The weights are based on the survey design and are the 272 


inverse of the probability of selecting a sampling site.  The probability of selecting a site depends on 273 


the stratification and unequal probability of selection associated with the site.  The weights are the total 274 


stream length represented by the sample site.  Percentiles and mean estimates of fish tissue Hg 275 


concentrations were calculated from the data weighted in this manner using routines developed by the 276 


U.S. EPA in the statistical calculation package spsurvey  R. Weighted estimates calculated for the 277 


entire sampled population and for each of the sample subregions are listed in Table I.  The minimum 278 


and maximum Hg concentrations observed in the 541 samples are also given in Table I.  Additional 279 


information on the statistical algorithms employed in site selection and data analysis in the NRSA are 280 


available at: http://www.epa.gov/nheerl/arm/analysispages/software.htm  (U.S. EPA, 2014).  Hg tissue 281 


concentration data for the U.S. were depicted graphically as a cumulative distribution frequency (CDF) 282 


plot (Figure 2).   283 


A second statistical task was the assessment of the subgroups relative to each other to 284 


determine whether fish tissue Hg concentrations differed significantly between urban and non-urban 285 
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subgroups and between any two of three geographic sub-regions.  A standard normal z-test: 286 


� �
����� �����	


√��
������ � �
����	��
 


was used where MeanA is the weighted mean estimate and stderrA is the standard error estimate for 287 


MeanA for subgroup A and similarly for subgroup B.   288 


Using regression analyses developed by Peterson et al. (2007 & 20045), fish fillet 289 


concentrations were translated to equivalent whole body Hg.  To do so, however, requires the 290 


application of a correction relating whole fish measurement to fillet concentrations. Peterson et al. 291 


(2007; 2005) compared whole body Hg concentrations to fillet concentrations using a biopsy 292 


technique. Using their regression analyses, [Log10(whole)= -0.2712 + 0.9005*log10(fillet)], we have 293 


estimated exposures and dose to wildlife from Hg concentrations translated from the fillet 294 


concentration values obtained in this study to equivalent whole fish Hg concentrations. These whole 295 


fish equivalent values were then compared to WVs, as described below, to assess impacts to avian and 296 


mammalian wildlife.   297 


III.  Results and Discussion 298 


The total length of all 5th+ Strahler order U.S. rivers in NHDPlusv2 is 235,945 km (147,465 299 


mi). The total length of all rivers included in the fish tissue study is estimated to be 51,663 mi or 300 


83,144 km (±7,027 km).  In addition, within the rivers intended to be included in the fish tissue study 301 


an estimated 30,407 km (±4,488 km) could not be sampled, in many cases due to the inability to obtain 302 


fish permits or safety reasons.  For some rivers, insufficient information from the survey is available to 303 


know whether the river is boatable.  A total of 33,993 km (±4,803 km) are estimated to be inaccessible 304 


due to landowners denying access to the river, and 7,257 km (±2,208 km) are rivers that were not 305 


sampled for other reasons.   In addition to the above categories, the total length of 5th+ Strahler order 306 


U.S. rivers includes an estimated 57,377 km (±7,147 km) that are wadeable and 23,513 km (±3,804 307 
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km) that are not rivers or rivers with flowing water and hence do not fall into the population of rivers 308 


targeted for the fish tissue study.  While the study results apply to the 83,144 km, the study was 309 


intended to apply to a minimum of 113,805 km or a maximum of 155,055 km depending on whether 310 


the rivers were associated with insufficient information to determine if they were boatable, all not 311 


boatable, all boatable, or a combination.  The length of  5th+ Strahler order U.S. rivers cited above not 312 


included in the study for the reasons cited above was 152,801 km (95,802 mi). 313 


All (100%) of the 541 fish fillet samples analyzed for Hg content for this national study 314 


contained quantifiable levels of Hg above the 3.335 ug/kg quantitation level for the method.  Hg 315 


concentrations measured in the fillet samples ranged from 21 ug/kg to 1,419 ug/kg. The national 316 


weighted mean Hg concentration for fillets in fish from U.S. rivers is 228.9 ug/kg (±18.6 ug/kg)  317 


compared to a weighted mean concentration of 250.2 ug/kg (±47.8 ug/kg) for fish fillet samples from 318 


only urban rivers and 223.3 ug/kg (±19.7 ug/kg)  from non-urban rivers.  An estimated 25.4% (±4.4%) 319 


of the sampled river miles exceeded the U.S. EPA WQC for Hg of 300 ug/kg (two fish meals/month 320 


consumption level) in fish tissue out of 51,663 miles (83,144 km) of boatable U.S. rivers of 5th order 321 


and greater included in the sampled population.   322 


Figure 2 is a cumulative distribution plot (CDF) of the cumulative percentage of the river 323 


length (left y axis) and the corresponding number of river km and miles they represent in the aggregate 324 


(right y axis), plotted against the concentrations of Hg in the samples (x axis). Two thresholds are 325 


superimposed on the CDF.  The red indicator that connects the CDF curve with the x axis marks the 326 


point on the distribution at which the 300 ug/kg criterion value (equivalent to 186 ug/kg Hg WV (Eagle 327 


and Loon) is intersected.  The yellow indicator marks the point on the curve intersected by the value of 328 


120 ug/kg which is the maximum concentration of Hg in fish tissue at which one meal/week can be 329 


consumed without exceeding the reference dose for Hg, which is a 170 g portion (6 oz), for a 70 kg 330 


individual (Equivalent to 70 ug/kg Hg WV (Mink))..  Fillet tissue translations to whole fish equivalent 331 
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values for selected avian and mammalian species of 181 ug/kg (loon) and 70 ug/kg (mink) are also 332 


indicated. Table I lists the weighted percentile values nationally, as well as for urban and non-urban 333 


subgroups and three eco-regional subgroups and the number of sites that each subgroup includes.  It 334 


should be noted that the PLNLOW and EHIGH eco-region subgroups include 280 and190 sites, 335 


respectively, while the WMTS subgroup contains only 71 sites. Estimates associated with the WMTS 336 


eco-region group thus have a higher standard error than the other two eco-regions.   337 


Human Health Benchmarks.  The percentage and number of river miles of fillet sample 338 


composites exceeding human health benchmarks provides an index of the extent to which fish from the 339 


sampled locationsboatable 5th order and higher rivers can be safely consumed by humans.  As stated 340 


above, tThis 300 ug/kg (wet weight) Hg benchmark, contained in the 2001 Water Quality Criterion for 341 


the Protection of Human Health (U.S. EPA, 2001a) represents a Hg exposure equal to the reference 342 


dose for Hg from the consumption of two meals a month.   343 


As cited above, tThe percentage ofBased on fish composite samples that exceed the U.S. EPA’s 344 


300 ug/kg human health fish tissue-based WQC (WQC),  an estimated (25.4%) represents of the 345 


13,071 river miles  (21,036 km) and a substantial portion of the resource of U.S. rivers 5th order and 346 


above as were sampled in this study.  This percentage, however, is much lower than the 48.9% (U.S. 347 


EPA, 2008) of U.S. lakes found to exceed this same threshold in the 2000-2003 National Lake Fish 348 


Tissue Survey (NLFTS).  This difference likely reflects distinctions in a number of areas, among them 349 


the contrasting nature of rivers vs. lakes as environments less conducive to methylation, as well as the 350 


longer residence time of water in lakes.  351 


 352 


           Another distinction between the findings of this study vs. NLFTS lies in the species 353 


included in the respective sample populations.  In this study, all targeted species were top predators, 354 


but included catfish.  In the NLFTS, bottom dwellers (including catfish) were treated separately.  A 355 
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more appropriate comparison may be made between the 48.9% exceedance of the 300 ug/kg human 356 


health fish tissue-based WQC from the NLFTS and the percentage exceedance of the WQC for 357 


smallmouth (25.1%) and largemouth bass (33.4%), which were represented in sufficient numbers to 358 


make national inferences. The weighted average exceedance (national values) of the WQC by the 359 


smallmouth bass (n = 120)  and largemouth bass (n = 114) is 29.2%, which represents the best 360 


nationally-representative comparison that can be made between the rivers assessed in this study and the 361 


lakes in the NLFTS.  As described by Scudder et al.,(2009), further characterization of Hg 362 


concentrations in fish tissue by land cover and land use is possible, but cannot be resolved at the 363 


sample density of this study on a nationwide basis.  Whether compared to the percentage exceedance 364 


for all fish (25.4%) of largemouth  and smallmouth bass  (29.2%), however, Eexceedance of the WQC 365 


by in approximately 25-30% of samples rivers represented by the survey is generally consistent with 366 


other current compiled assessments of Hg in fish tissue from U.S. rivers (Chalmers et al., 2010, 367 


Scudder et al., 2009) and contrasts markedly with exceedances of the WQC in fish tissue from U.S. 368 


lakes of almost 50% (U.S. EPA, 2008).  369 


 370 


The  U.S. EPA’s 300 ug/kg human health fish tissue-based WQC for Hg is the regulatory 371 


threshold emphasized in this paper, and consumption of two fish meals/month with this Hg 372 


concentration is a rate of consumption that is the approximate equivalent of the reference dose (RfD) 373 


for Hg.  Other analyses of the data are possible that would describe the extent of waters with fish that 374 


have Hg concentration values that fall both within and aboveFor context, the Hg concentration range 375 


for one meal/week consumption range isof 120-230 ug/kg and is.  This range of Hg concentrations is 376 


the basis for incorporated in many state fish advisory programs (U.S. EPA, 2011a) that the U.S. EPA 377 


promotes and for which it provides guidance (U.S. EPA, 2000b). Above 230 ug/kg, most state 378 
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advisories recommend limiting consumption to one meal per month of particular species of sizes that 379 


are likely to exceed 230 ug/kg Hg.  380 


 381 


The threshold above which no consumption is recommended (940 ug/kg, USEPA, 2000b) is 382 


exceeded in these data by tissue concentrations from only 1.3 % (unweighted percentage) of the 383 


sitessample locations.   384 


Above this threshold, consumption is recommended to be less frequent than one meal per 385 


month, and EPA recommends that pregnant women and nursing mothers should avoid fish with such 386 


elevated Hg concentrations (U.S. EPA, 2000b). This level was exceeded in these data for only 387 


approximately 1.5% of waters.  388 


Sub-group differences.  It is of interest to the U.S. EPA to understand differences in fish tissue 389 


contaminant levels between regions and between urban and non-urban waters.  Three means of 390 


comparison applied here include the application of the z-test as described above, comparisons of the 391 


percentages of waters within each of these subgroups that exceed the U.S. EPA’s 300 ug/kg human 392 


health fish tissue-based water quality criterion, and comparisons of the means and 95th percentile 393 


values for each of the subgroups.   The p-value for the test of a difference between weighted means of 394 


urban and non-urban population subgroups was 0.31 (z = 1.03), indicating little no statistical difference 395 


between the means of 5th order and above urban and non-urban river subgroups.  Similarly, when the 396 


means of the ecoregion subgroups were compared, the resulting  p values indicate no significant 397 


differences among the three ecoregions: EHIGH vs PLNLOW (z=1.25, p = 0.21), EHIGH vs WMTNS 398 


(z=1.16, p=0.25), and WMTNS vs PLNLOW (z=0.63, p=0.53). 399 


Comparisons of the percentages of weighted river length exceeding the 300 ug/kg human 400 


health fish tissue-based water quality criterion are depicted in Figure 3.  As can be noted, the 401 


percentages of sites exceeding and not exceeding this criteria value are generally quite uniform, with 402 
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the WMTS ecoregion being the exception.  For all subgroups except the WMTS, the percentage of 403 


sites  of river miles exceeding the criteria value is in the mid 20 percent range, with the WMTS being 404 


the only one that exceeds 30 percent.  Similarly, when means and percentile values across the 405 


subgroups are compared (Figure 4), it can be seen that among the three ecoregions, values for the 406 


WMTS exceed those for the EHIGH and PLNLOW regions for the 75th, 90th and 95th percentile 407 


groups.  Also evident from Figure 4 is the fact that although there is not a statistically significant 408 


difference between the means of the urban and non-urban subgroups, the 90th and 95th percentile data 409 


for the urban samples rivers are elevated relative to the non-urban samplesrivers. 410 


With respect to the observed difference between the higher percentile data for urban vs. non-411 


urban samples, a review of sampling locations highlights their urban character beyond the population 412 


density associated with the urban characterization.  Anecdotally, elevated urban fish tissue Hg 413 


concentrations are from locations proximal to Publicly Owned Treatment Works, industrial sites, 414 


areas with a high percentage of impervious pavement, and are on rivers with a known industrial 415 


history- in short, locations with typical urban attributes.  This stands in contrast to the relatively 416 


uniform atmospheric deposition that controls Hg concentrations in most waterbodies (and the fish 417 


communities therein) in areas not affected by these human land-use conditions across all of the 418 


ecoregions. 419 


The WMTS is the ecoregion with the smallest number of sample river locations (n = 71), 420 


relative to the PLNLOW (n = 280) and EHIGH (n = 190).  As such, statistical analysis of the data for 421 


the WMTS is vulnerable to the influence of a few elevated sample values which are inconsistent with 422 


the relatively uniform atmospheric deposition otherwise seen across the ecoregions. A sample location 423 


in the WMTS with one of theThe highest fish tissue concentrations observed in the study (854 ug/kg) 424 


was collected in a creek draining a large geothermal area in California with a 100-year history of 425 


mercury mining (Kagel et al., 2007). This is the type of local deviation that can mask the pervasive and 426 
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uniform general character of Hg occurrence and deposition in the U.S.  The apparent elevation of Hg 427 


in fish tissue in the WMTS suggested by the data in Figure 4 is not borne out by the z-test analysis for 428 


significance and is likely attributable to this and potentially another such elevated value (1,272 ug/kg)  429 


among the data from the Willamette River in OR near areas where historical gold mining occurred. 430 


Differences in Hg Concentration among fish species.  As has been observed in other studies 431 


(U.S. EPA, 2008; Peterson et al. 2007; U.S. EPA 2003), Hg content of fish tissue is dependent upon 432 


fish species, size, and trophic level.  In this study, weighted Hg concentrations were markedly higher 433 


for waters represented by composite samples of predatory species (e.g., largemouth bass, mean Hg = 434 


347 +/-22 ug/kg) than by bottom dwellers (e.g., combined catfish, mean Hg = 143+/-10 ug/kg.)  Figure 435 


5 depicts the percentages of composite samples of river miles with consisting of species and species 436 


groups that that exceeded and did not exceed the 300 ug/kg human health fish tissue-based WQC. 437 


Relative to higher (although not significantly so) Hg fish tissue concentrations in the urban river data, 438 


the percentages of  of rivers miles with combined smallmouth and largemouth bass samples were 439 


higher in the urban sub-group compared to the non-urban samples ( 43.8% vs 36.1 %).  Conversely, 440 


combined catfish species constituted 32.7% of the samplesriver miles analyzed from non-urban sites 441 


vs. only 17.3% of samples from urban river sites (Figure 6).   442 


Scudder et al. (2009) determined that Hg concentrations in fish tissue from largemouth bass 443 


from mixed use or undeveloped basins were higher than from urban basins, comparable to non-urban 444 


and urban subgroups discussed here.  Non-weighted data from this study exhibit a similar distribution, 445 


but the smaller n of the portion of the subgroup that is itself a subgroup is insufficient to draw a 446 


national inference.  The design of this study is focused on nationally-representative indices of 447 


assessment, and this comes at the expense of the ability to resolve distinctions beyond the primary sub-448 


populations described- ecoregions (3), urban vs. non-urban sites, and the species included in Figure 5. 449 


Of further interest relative to the discussion of urban/non-urban Hg fish tissue concentrations, 450 
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however, may be the predominance of the percentage of bass species over catfish in the urban waters 451 


noted above when compared to near parity of the species groups in non-urban waters (Figure 6).  If the 452 


tissue of largemouth bass in urban areas is lower in Hg, there are also more of them relative to catfish 453 


species than in the non-urban areas, potentially affecting the combined impact of both species and 454 


urban/non-urban differential effects.  Although not derived from weighted statistics, this factor 455 


suggests a possible explanation for the inconsistency between Scudder et al. (2009), Chalmers et al., 456 


(2014) among others, and this analysis.  As mentioned earlier, because of the weighted probabilistic 457 


nature of the sample design, results from this study may differ from those employing other sample 458 


design methods (Peterson et al.,1998).  Because of the unequal probability of any single sample being 459 


in the sample set, methods of comparison other than those employed for these data (Z-Test) are not 460 


valid. 461 


Exceedances of WVs. The data from this study can also be interpreted with respect to the risk 462 


posed to piscivorous wildlife.  To do so, however, requires the application of a correction relating 463 


whole fish measurement to fillet concentrations. Peterson et al. (2007; 2005) compared whole body Hg 464 


concentrations to fillet concentrations using a biopsy technique. Using their regression analyses, 465 


[Log10(whole)= -0.2712 + 0.9005*log10(fil let)], we have estimated exposures and dose to wildlife 466 


from Hg concentrations translated from the fillet concentration values obtained in this study to 467 


equivalent whole fish Hg concentrations. Overall, fillets represent approximately 62% of the whole 468 


fish Hg concentration.  Therefore, where fillets have Hg concentrations at or about 300 ug/kg, the dose 469 


to birds and mammals will be approximately 186 ug/kg. 470 


   Whereas the primary health risk of Hg exposure to humans is neuro-developmental 471 


damage to unborn fetuses, Hg has been shown to threaten the survival of piscivorous wildlife  472 


(Lazorchak, et al., 2003).  According to the exposure scenario defined above, bald eagles and loons 473 


(WV = 160 and 180 ug/kg, respectively) will have similar risk levels relative to the applicable 474 
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thresholds as humans consuming fish containing 300 ug/kg of Hg.  Differences in species sensitivities 475 


to Hg consumption are emphasized by comparing mink to otter. Mink will be more at risk using the 476 


lower one meal per week (fillet) human threshold of 120 ug/kg (WV = 70 ug/kg), and the translated 477 


risk to otters will be intermediate between the human risk values in that their WV is 100 ug/kg.  These 478 


values can also be compared to the data distribution depicted in Figure 2.   479 


IV.  Conclusions 480 


With respect to human health thresholds, we have presented the following findings: 481 


• All (100%) of the 541 fish fillet samples analyzed for Hg content for this national study 482 


contained quantifiable levels of Hg above the 3.335 ug/kg reporting level for the method. 483 


• Of the 541 samples, weighted values for 137  Nationally,(25.4% of the river miles) Nationally, 484 


an estimated 25.4% of river miles exceeded the EPA human-health fish tissue-based water 485 


quality criterion (WQC) for Hg of 300 ug/kg.,  This precentage represents representing 13,071 486 


river miles (21,154 km) out of a total of  51,663 miles (83,143 km) of U.S. rivers of 5th order 487 


and greater included in the sampled population.   488 


• The human health threshold exceedance data from this study also yields an estimate of risk of 489 


exposure to aquatic bird and mammal species from consumption of fish by the use of a 490 


correction factor for the relative Hg content of fillet tissue, normally consumed by humans, vs. 491 


the content of whole fish as are consumed by wildlife.  Risk to piscivorous avian species are 492 


similar to risks for humans at 300 ug/kg (two meals per month level of consumption), whereas 493 


mink are more at risk than the avian species cited (and humans) when compared to the lower 494 


human one meal per week (fillet) threshold of 120 ug/kg. 495 


• No statistically-significant differences in the weighted composite sample data were seen 496 


between waters sampled in urban and non-urban sitesrivers, although the mean and 95th 497 
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percentile values for the urban samples rivers are elevated relative to the non-urban rivers and 498 


all U.S. (all samples) values rivers. 499 


• Although the percentage of samples river miles exceeding the 300 ug/kg criteria value was 500 


relatively higher in the WMTS ecoregion than any other of the sub-regional data groupings 501 


(>30% vs ~25%, respectively), and the mean and 90th and 95th percentile values for the WMTS 502 


appear elevated relative to other subgroups, the z-test for statistical significance did not refute 503 


the null hypothesis at greater than the 95% confidence level (69%).  The apparent elevation of 504 


the WMTS subgroup may be attributable to its smaller sample size in conjunction with one or 505 


more anomalously locally high fish tissue concentration values associated with local  geologic 506 


Hg sources, as opposed to fish tissue concentrations related to atmospheric deposition that the 507 


findings of this study suggest do not vary significantly across the nation. 508 


 509 


        This study establishes a national baseline for Hg concentration in fish tissue from U.S. 510 


rivers 5th order and greater and compares those concentrations to human health and piscivorous 511 


wildlife thresholds.  Hg concentrations in fish tissue from all areas of the country represent 512 


consumption risks to both humans and piscivorous wildlife in fish collected from approximately a 513 


quarter of the sampled river locationsriver miles., and  Furthermore, sensitivity to Hg exposure was 514 


greater for some aquatic species populations exceeded the level at whichthan the risk occurs to humans 515 


at a given concentration. 516 


The lack of a statistically-significant difference between fish tissue concentrations from urban 517 


vs. non-urban areas and among ecoregions is consistent with the ubiquitous nature of Hg 518 


contamination and its primary mechanisms of atmospheric transport and deposition.  Differences in the 519 


representation of species in urban vs. non-urban sitesrivers in this study may dampen variation seen by 520 


others (e.g., Scudder et al., 2009) between Hg concentrations in some species in urban vs non-urban 521 
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sites.   The observed distinction in these results may also be attributable to the statistical methods of 522 


this study which result in national inferences that may not be consistent withreflect specific local or 523 


regional conditions.              524 


 525 


 V. Additional analytes.   526 


             Additional fillet sample aliquots from these sites have also been analyzed for 53 legacy 527 


organo-halogen compounds, including pesticides and flame retardants, and samples from the 162 urban 528 


sites have also been analyzed for perfluorinated compounds, including PFOS. Analyses of these data 529 


are ongoing and will be reported separately. 530 


 531 
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30 


Table I.  Sampled stream River length estimates and group percentile and mean estimates for mercury 731 


concentration estimates by sub-groups       732 


(Hg ww ug/kg) 733 


Statistic National 
n =541 


Non-Urban 
n =379 


Urban 
n=162 


EHIGH 
n =190 


PLNLOW  
n =280 


WMTS 
n =71 


River Miles 51,663 40,752 10,911 14,738 29,739 7,186 
River km 83,145 65,584 17,559 23,718 47,861 11,564 
5th% ile 37.2 34.6 61.7 45.6 37.2 31.5 
25th % ile 96.2 90.9 114.8 100.5 99.7 81.4 
50th % ile 175.6 170.5 200.6 176.0 180.1 125.3 
75th % ile 302.7 302.6 309.1 274.8 298.8 346.1 
95th % ile 583.6 578.8 803.3 535.2 578.8 854.1 
Mean 228.9 223.3 250.2 210.0 231.4 257.5 
Maximum 
Observed 


1,419 1,419 854 854 1,419 1,272 
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Figure 1. National Map of NRSA 2008738 


within National Aquatic Resource Survey Ecoregions739 


740 


 741 


  742 


 


 


31 


 


1. National Map of NRSA 2008-2009 Sampling Locations (n=541)
within National Aquatic Resource Survey Ecoregions 
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 775 


 776 
 777 


Figure 3. Percentage of sites river miles by subgroup exceeding or not exceeding 778 


EPA’s 300 ug/kg human health fish tissue-based Water Quality Criterion 779 
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 782 
 783 


Figure 4.  Weighted Estimated Percentile Values (with 95% confidence limits) for Sample 784 


Subgroups  785 


wWith Human Health and Wildlife Value Thresholds 786 
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Figure 5. Percentage of sites river miles793 


health fish     794 
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Figure 6.  Relative percentages of river miles with Catfish and Bass 800 


     Species in Urban and Non-urban  Waters 801 
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Abstract  46 


The U.S. EPA conducted a national statistical survey of fish fillet tissue with a sample size of 541 sites 47 


on boatable rivers ≥5th order in 2008-2009. This is the first such study of mercury (Hg) in fish tissue 48 


from river sites focused on potential impacts to human health from fish consumption to also address 49 


wildlife impacts.  Sample sites were identified as being urban or non-urban.  All sample mercury 50 


concentrations were above the 3.33 ug/kg (ppb) quantitation limit, and an estimated 25.4% (±4.4%) of 51 


the 51,663 river miles assessed exceeded the U.S. EPA 300 ug/kg fish-tissue based water quality 52 


criterion for mercury, representing 13,144 +/-181.8 river miles.  Estimates of river miles exceeding 53 


comparable aquatic life thresholds (translated from fillet concentrations to whole fish equivalents) in 54 


avian species were similar to the number of river miles exceeding the human health threshold, whereas 55 


some mammalian species were more at risk than human from lower mercury concentrations.  A 56 


comparison of means from the non-urban and urban data and among three ecoregions did not indicate a 57 


statistically significant difference in fish tissue Hg concentrations at p<0.05. 58 


 59 
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National Rivers 61 


Mercury (Hg) 62 


Human fish consumption 63 


Wildlife fish consumption 64 


 65 


Capsule Abstract 66 


This paper presents a national estimate of the mercury concentrations of in fish tissue U.S. rivers based 67 


on a statistical survey of 541 composite samples collected in 2008-2009.  68 
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I. Introduction 69 


Mercury (Hg) is a metal that is persistent, bioaccumulative, and toxic in the environment.  It is 70 


a constituent of minerals in rocks and soil that enters the atmosphere by the natural degassing of the 71 


earth’s crust and recycling by volatilization of atmospherically deposited mercury, as well as being 72 


mobilized to the environment from anthropogenic sources. Human activities have enriched the 73 


atmospheric content of mercury by a factor of 7.5 times compared to levels predating emissions from 74 


most human activities (Amos et al., 2013). These activities include mining (including gold extraction), 75 


manufacturing, Portland cement production, medical waste incineration, and most prominently, the 76 


combustion of fossil fuels, especially coal (UNEP, 2008).  As of 2005, however, artisan and small 77 


scale gold mining were second only to fossil fuel combustion as sources of Hg emissions to the 78 


atmosphere (Pacyna et al., 2010).  When Hg is deposited in water, a large portion is converted, by 79 


chemical and biochemical processes either in sediments or in the water column, from inorganic Hg to 80 


toxic methylmercury (MeHg) that bioaccumulates in fish muscle (Sunderland et al, 2009).  Despite 81 


very effective efforts to reduce emissions of Hg in many countries, including the U.S., Hg emissions 82 


from Asia continue to increase (Wilson et al., 2010) with potential implications for increased human 83 


exposure in the U.S. and elsewhere (Sunderland et al, 2009, Driscoll et al, 2013). Future levels of Hg 84 


emissions will depend on the degree of implementation of measures to remove Hg from fossil fuel 85 


combustion emissions in the context of rising demand for electricity (Streets, et al.,2009).   86 


Research has shown that exposure to Hg and its compounds through the consumption of fish 87 


containing Hg can cause a range of toxic effects in humans, as well as in piscivorous mammalian and 88 


avian wildlife (U.S. EPA, 1997). At doses that result from moderate rates of maternal fish 89 


consumption, exposure of fetuses to Hg in utero can later manifest in children as deficits in subtle 90 


neurological end points such as lowered IQ, decrements in motor function, attention, and visuospatial 91 


performance (NAS, 2000).  Evidence of early childhood effects at low levels of prenatal exposure is 92 
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clear, and other health effects are likely, including cardiovascular effects and, to a lesser extent, 93 


immune system suppression (Karagas et al., 2012). Recent analyses also suggest an association 94 


between toenail Hg levels in young adults and the incidence of diabetes in later life (He et al., 2013).  95 


The thresholds for neurodevelopmental effects of mercury exposure discussed in this manuscript are 96 


based on U.S. EPA reference dose of 0.1 ug/kg of body weight/day for exposure to Hg (U.S. EPA, 97 


2001b) relative to fish tissue concentrations detected in samples collected by the U.S. EPA. A 98 


reference dose (RfD) is an estimate of a daily exposure to the human population (including sensitive 99 


subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime. 100 


Wildlife are exposed to Hg and MeHg from a variety of environmental sources, mine tailings, 101 


industrial effluents, agricultural drain water, impoundments and atmospheric deposition from the 102 


electric power generation industry. At the higher levels of the food chain, piscivorous birds and 103 


mammals are among the highest risk receptors of MeHg contamination (Wolf et al., 1998).  Toxicity of 104 


Hg to piscivorous birds and mammals includes damage to the nervous, excretory, and reproductive 105 


systems. (Wolfe et al. 1998). In 1997, EPA identified wet deposition as the primary mechanism by 106 


which atmospheric Hg is transported to surface waters and land, although dry deposition may also 107 


contribute substantially (U.S. EPA, 1997). More recently, Driscoll et al. (2013) provide a full 108 


description of Hg sources, transport and deposition mechanisms, both human health and ecological 109 


effects, and cite atmospheric deposition as the primary mechanism of redistribution of mercury.   110 


Large-scale studies of contaminants in fish tissue have found widespread evidence of Hg 111 


contamination. In a survey of lakes in the northeastern United States in 1992-1994, the U.S. EPA’s 112 


Environmental Monitoring and Assessment Program (EMAP) analyzed whole fish composite samples 113 


for inorganic and organic contaminants, including Hg. It was found that 26% of northeastern lakes 114 


contained fish with Hg levels that exceeded the critical value for humans (200 ug/kg at that time), 54% 115 


of lakes exceeded wildlife critical values for piscivorous mammals (100 ug/kg), while 98% exceeded 116 
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wildlife critical values for birds (20 ug/kg) (Yeardley et al., 1998). During the period 1993-1994, an 117 


EMAP survey of fish in the Mid-Atlantic Region found that small fish tissue concentrations exceeded 118 


the  kingfisher Wildlife Value (30 ug/kg ) over 72% of the stream length. Wildlife Values (WVs,) have 119 


been defined as the concentration in fish at which chronic effects to piscivorous wildlife occur 120 


(Lazorchak et al. 2003). In 2004 and 2005, the EMAP Great Rivers Assessment measured Hg 121 


concentrations in whole fish from the Upper Mississippi, Missouri, and Ohio Rivers to characterize the 122 


extent and magnitude of Hg contamination and to identify environmental factors influencing Hg 123 


accumulation (Walters et al., 2010). Across all three large river systems, Hg levels exceeded the WV 124 


for belted kingfisher in 33-75% of river length and exceeded the human health criteria in 1-7% of river 125 


length.  126 


More recently, the U.S. EPA conducted the National Lake Fish Tissue Study (Stahl et al., 127 


2008), which employed a national-scale statistical survey design and targeted human exposure to Hg 128 


by focusing on the fillet, the edible portion of collected species. This national lakes study included 486 129 


composite predator fillet samples collected from 500 randomly-selected lakes during 2000-2003.  In 130 


this nationally representative study, fish tissue from 48.9% of the lake population assessed exceeded 131 


the U.S. EPA’s 300 ug/kg human health fish tissue-based water quality criteria (WQC) for Hg (U.S. 132 


EPA, 2001a). 133 


The U.S. Geological Survey (USGS) has conducted extensive studies of national and regional 134 


fish-tissue contaminant data by combining results of several separate targeted studies conducted over 135 


time, analyzing the data and characterizing contaminant levels on the basis of region and watershed 136 


type, including propensity for methylation and fish characteristics (Chalmers, et al., 2011, Scudder et 137 


al., 2009, Schmitt, 2002).  These studies have led to identification of patterns and mechanisms of Hg 138 


accumulation in fish including the propensity for methylation to occur in watersheds with abundant 139 


wetlands (Brigham et al., 2009, Scudder et al., 2009). USGS continues to emphasize locally-focused 140 
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studies which are national in their distribution (Brigham et al., 2014, Feaster et al., 2014, Chalmers et 141 


al., 2014) and explore causative mechanisms for the observed variations in Hg concentrations in a 142 


variety of media and settings. 143 


The present work reports the results of a 2008-2009 National Rivers and Streams Assessment 144 


(NRSA) survey of rivers in the 48 conterminous United States to investigate Hg concentrations in 145 


composited fillet samples (Figure 1). The survey is nationally-representative of the class of waters (5th 146 


order and greater rivers that are boatable) from which the sample of 541 sites was drawn. The fish 147 


tissue sampling efforts of this study are focused on providing information for assessments of human 148 


health impacts of fish consumption.  Results were also used to estimate contaminant exposures to 149 


wildlife and aquatic species that consume fish and to compare urban and non-urban sub-groups of sites 150 


as well as sites located in each of three National Aquatic Resource Assessment (NARS) ecoregions: 151 


West and Mountains (WMTS), Plains and Lowlands (PLNLOW), and Eastern Highlands (EHIGH) 152 


(Figure 1). The design of this study produces assessment results nationally, for three regions, and by 153 


urban and non-urban subgroups and relate those results to both human health and wildlife effects.  The 154 


statistical survey design requires estimates for the assessments to incorporate weights that reflect the 155 


stratification and unequal probability of selection.  This ensures that the inference (results) apply to all 156 


boatable, 5th order and greater rivers in the conterminous states.  Results from this study may differ 157 


from those employing other non-survey design methods for selection of sites (Peterson et al.,1998). 158 


II.  Materials and Methods 159 


NRSA Design and Site Selection. The NRSA included 1,924 sites within the conterminous 160 


United States that were sampled for a range of environmental indicators, including concentrations of 161 


toxic chemicals in fish tissue (U.S. EPA, 2013).  Fish tissue samples were collected at a subset of 541 162 


sites that met the three criteria for the river population of interest for the fish tissue contaminant study: 163 


(1) boatable U.S. rivers of 5th order and greater (Strahler, 1957); (2) having a permanent fish 164 
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population; and (3) flowing water during the study period (including the Great Rivers and run-of-the-165 


river ponds, but excluding portions of tidal rivers up to head of salt, and reservoirs).  The sample frame 166 


was derived from the National Hydrography Dataset (NHD) and included Strahler stream order 167 


attributes (http://water.epa.gov/scitech/datait/tools/waters/index.cfm).  NHD-Plus and the U.S. Census 168 


Bureau national urban boundary GIS coverage layers were used to establish the urban attribute so that 169 


both non-urban and urban samples could be identified.  Non-urban and urban subpopulations were 170 


identified for two purposes. First, analytes other than Hg, including legacy organo-halogen compounds 171 


(entire sample set), perfluorinated compounds, and synthetic musks (only the urban subpopulation) , 172 


were also determined for samples in this study and are being described in other publications. In the 173 


case of the perfluorinated compounds and synthetic musks, the smaller urban subpopulation better 174 


aligned with the budgetary resources available to perform the analyses.  Secondly, the question of 175 


variable impacts to non-urban and urban populations and attendant questions of environmental justice 176 


are of interest to U.S. EPA. The distinction between urban and non-urban sampling locations was 177 


based on the most recent available U.S. Census Bureau data and the following definition: an Urban 178 


Area consists of contiguous densely settled census block groups that meet minimum population density 179 


requirements, along with adjacent densely settled census blocks that together encompass a population 180 


of at least 50,000 people.  181 


 Sampling sites were selected using a probability-based approach (Stevens and Olsen, 1999, 182 


Stevens and Olsen, 2004), generally applying the spatial methodology that had been used for lakes in 183 


U.S. EPA’s National Lakes Fish Tissue Study (Stahl, et al., 2008) to major U.S. rivers (Olsen at al., 184 


2008). Selection probabilities were defined for 5th order or larger rivers in the lower 48 states so that 185 


the expected number of urban sites would be at least 150.  The numbers of sites where samples were 186 


collected were limited by logistical factors, such as failure to obtain a fishing permit, absence of fish of 187 


the appropriate species and/or size at a given site, and time constraints for fish sampling.  Fish tissue 188 
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samples were collected from a total of 162 randomly selected urban rivers sites and 379 non-urban 189 


river sites. These totals included sampling locations in 46 conterminous states. Sampling included 154 190 


5th order river sites, 162 6th order river sites, 99 7th order river sites and 126 sites from rivers 8th order 191 


and above.  192 


 Sample Collection. One composite sample containing a single fish species was collected from 193 


each site (Figure 1).  Target species and individual specimens for the fish composite samples were 194 


selected based on a consistent set of criteria. Species were selected to be ubiquitous, abundant, and 195 


easily identified. Individual specimens of the species were selected to be adults of similar size (the 196 


length of the smallest individual in a composite could not be less than 75% of the total length of the 197 


largest individual) and sufficiently large (i.e., adult specimens) to provide adequate tissue for analysis 198 


(U.S.EPA, 2009). 199 


 During required training sessions, all study participants were provided a list of recommended 200 


species for fish tissue sampling and were instructed to specifically target those species.  A total of 15 201 


species were included in that target list (in the Field Operations Manual and QAPP) and all were 202 


predator (typically top carnivore) species.  Consistent with the human health context of the study, the 203 


focus was on sport/game fish that are commonly consumed by humans and of sufficient size to be of 204 


interest to anglers, and species that had a wide geographic distribution.  The target species list included 205 


members of the sunfish (with largemouth and smallmouth bass preferred), trout/salmon, pike, 206 


temperate bass, perch, and catfish families.  Every effort was made to collect the desired species; 207 


however, the outcome of the field sampling efforts ultimately depended on the natural diversity and 208 


abundance of fish at each sampling site.  The fish that were available to be taken dictated the mix of 209 


species collected at the sites, similar to conditions that would be encountered by anglers seeking fish 210 


for sport or sustenance. 211 
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 Field teams used active methods (i.e., electrofishing) to collect fish samples from each site 212 


during a May through September field sampling period in 2008 and 2009.  A routine composite sample 213 


consisted of five fish, but composites containing fewer than five fish were accepted in an effort to 214 


retain a sample from each target river segment (41% of the composites).  The lengths of fish collected 215 


were similar in non-urban and urban waters.  The mean length of fish taken from non-urban waters was 216 


364.7 mm (min 101 mm, max 790 mm, S.D. 98.3 mm), and the mean length of fish from urban waters 217 


was 362.8 mm (min 112.5 mm, max 702 mm, S.D. 93.4 mm) Whole fish were shipped on dry ice to 218 


the designated sample preparation laboratories for storage until subsequent preparation (filleting and 219 


homogenization). 220 


Sample Preparation. Fish were filleted in the laboratory by trained technicians.  In order not to 221 


excise fatty tissue likely containing organic contaminants also of interest in this study, scales were 222 


removed from fish, then lateral muscle fillets from both sides of each fish were prepared with skin on 223 


and the belly flap (ventral muscle and skin) attached.  This method maintains consistency in preparing 224 


fillet samples for chemical analysis among EPA’s national and regional-scale fish tissue studies and 225 


follows EPA’s Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories 226 


(U.S.EPA 2000a). By being consistent with this guidance, it enables comparison of fish tissue results 227 


among the EPA fish tissue studies and reduces variability for trends analysis when fish tissue studies 228 


are repeated periodically. 229 


 Fillets were composited using the batch method, where fillets from all of the individual 230 


specimens that comprise the sample were homogenized together, regardless of the proportional weight 231 


of individual fish.  Each composite was homogenized using a tissue grinder, mixed thoroughly to a fine 232 


paste of uniform color and texture, and a 1-g aliquot was removed for Hg analysis. Fish collection and 233 


handling methods along with details of sample preparation are described in detail in U.S. EPA (2009). 234 
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Tissue Sample Analysis. Fillets were analyzed for Hg with a Direct Mercury Analyzer (DMA-235 


80; Milestone, Inc) using EPA method 7473 and Milestone Application note HG-0 (U.S. EPA 2007).  236 


The method detection limit (MDL) was calculated to be 1.49 ug/kg (ppb or parts per billion) Hg using 237 


40 CFR Part 136, Appendix B.  The quantitation limit (QL) is 3.33 ug/kg mercury, based on a low 238 


calibration point of 0.001 ug mercury and nominal sample weight of 0.33 grams.  The certified liquid 239 


QC standards for each run were purchased as single elements at 1000 ppm.  The primary standard was 240 


purchased from Ricca and the secondary QC standard was purchased from Spex Claritas. Two internal 241 


standard calibration curves were prepared using standard solutions. The low-range curve included five 242 


points ranging from 0-0.020 ug and the high range curve included 12 points ranging from 0.030-0.400 243 


ug, with each curve yielding R2 values >0.99. Calibration check standards were run at the beginning 244 


and end of each batch for both the low and high curve. A secondary source standard and a sample of 245 


certified reference material (CRM DORM-2, dogfish muscle) were also analyzed once per batch. All 246 


check standards and reference material measurements were within ±20% of the actual value. 247 


Laboratory blanks were run once per batch and were all less than three times the MDL. One laboratory 248 


fortified matrix sample (LFM) spiked at a concentration of 25 ug/kg was run per batch to determine the 249 


influence of the matrix, with recoveries being within ±20% of the spiked amount or the result was 250 


flagged as estimated. Each batch consisted of 12 samples run in duplicate. Reported values were the 251 


mean of two analyses, with the relative percent difference between duplicates being less than 25%. 252 


Reported values were not blank-subtracted or recovery-corrected.    253 


Statistical Analysis. The NRSA survey design and survey analysis results in national and 254 


regional estimates of contaminant concentrations.  The statistical estimates are based on weighted 255 


means of the analytical results from sites.  The weights are based on the survey design and are the 256 


inverse of the probability of selecting a sampling site.  The probability of selecting a site depends on 257 


the stratification and unequal probability of selection associated with the site.  The weights are the total 258 
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stream length represented by the sample site.  Percentiles and mean estimates of fish tissue Hg 259 


concentrations were calculated from the data weighted in this manner using routines developed by the 260 


U.S. EPA in the statistical calculation package spsurvey  R. Weighted estimates calculated for the 261 


entire sampled population and for each of the sample subregions are listed in Table I.  The minimum 262 


and maximum Hg concentrations observed in the 541 samples are also given in Table I.  Additional 263 


information on the statistical algorithms employed in site selection and data analysis in the NRSA are 264 


available at: http://www.epa.gov/nheerl/arm/analysispages/software.htm  (U.S. EPA, 2014).  Hg tissue 265 


concentration data for the U.S. were depicted graphically as a cumulative distribution frequency (CDF) 266 


plot (Figure 2).   267 


A second statistical task was the assessment of the subgroups relative to each other to 268 


determine whether fish tissue Hg concentrations differed significantly between urban and non-urban 269 


subgroups and between any two of three geographic sub-regions.  A standard normal z-test: 270 


� �
����� �����	


√��
������ � �
����	��
 


was used where MeanA is the weighted mean estimate and stderrA is the standard error estimate for 271 


MeanA for subgroup A and similarly for subgroup B.   272 


Using regression analyses developed by Peterson et al. (2007 & 2004), fish fillet concentrations 273 


were translated to equivalent whole body Hg.  Using their regression analyses, [Log10(whole)= -274 


0.2712 + 0.9005*log10(fillet)], we have estimated exposures and dose to wildlife from Hg 275 


concentrations translated from the fillet concentration values obtained in this study to equivalent whole 276 


fish Hg concentrations. These whole fish equivalent values were then compared to WVs, as described 277 


below, to assess impacts to avian and mammalian wildlife.   278 


III.  Results and Discussion 279 
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The total length of all 5th+ Strahler order U.S. rivers in NHDPlusv2 is 235,945 km (147,465 280 


mi). The total length of all rivers included in the fish tissue study is estimated to be 51,663 mi or 281 


83,144 km (±7,027 km).  In addition, within the rivers intended to be included in the fish tissue study 282 


an estimated 30,407 km (±4,488 km) could not be sampled, in many cases due to the inability to obtain 283 


fish permits or safety reasons.  For some rivers, insufficient information from the survey is available to 284 


know whether the river is boatable.  A total of 33,993 km (±4,803 km) are estimated to be inaccessible 285 


due to landowners denying access to the river, and 7,257 km (±2,208 km) are rivers that were not 286 


sampled for other reasons.   In addition to the above categories, the total length of 5th+ Strahler order 287 


U.S. rivers includes an estimated 57,377 km (±7,147 km) that are wadeable and 23,513 km (±3,804 288 


km) that are not rivers or rivers with flowing water and hence do not fall into the population of rivers 289 


targeted for the fish tissue study.  While the study results apply to the 83,144 km, the study was 290 


intended to apply to a minimum of 113,805 km or a maximum of 155,055 km depending on whether 291 


the rivers were associated with insufficient information to determine if they were boatable, all not 292 


boatable, all boatable, or a combination.  The length of  5th+ Strahler order U.S. rivers not included in 293 


the study for the reasons cited above was 152,801 km (95,802 mi). 294 


All (100%) of the 541 fish fillet samples analyzed for Hg content for this national study 295 


contained quantifiable levels of Hg above the 3.33 ug/kg quantitation level for the method.  Hg 296 


concentrations measured in the fillet samples ranged from 21 ug/kg to 1,419 ug/kg. The national 297 


weighted mean Hg concentration for fillets in fish from U.S. rivers is 228.9 ug/kg (±18.6 ug/kg)  298 


compared to a weighted mean concentration of 250.2 ug/kg (±47.8 ug/kg) for fish fillet samples from 299 


only urban rivers and 223.3 ug/kg (±19.7 ug/kg)  from non-urban rivers.  An estimated 25.4% (±4.4%) 300 


of the sampled river miles exceeded the U.S. EPA WQC for Hg of 300 ug/kg (two fish meals/month 301 


consumption level) in fish tissue out of 51,663 miles (83,144 km) of boatable U.S. rivers of 5th order 302 


and greater included in the sampled population.   303 
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Figure 2 is a cumulative distribution plot (CDF) of the cumulative percentage of the river 304 


length (left y axis) and the corresponding number of river km and miles they represent in the aggregate 305 


(right y axis), plotted against the concentrations of Hg in the samples (x axis). Two thresholds are 306 


superimposed on the CDF.  The red indicator that connects the CDF curve with the x axis marks the 307 


point on the distribution at which the 300 ug/kg criterion value (equivalent to 186 ug/kg Hg WV (Eagle 308 


and Loon) is intersected.  The yellow indicator marks the point on the curve intersected by the value of 309 


120 ug/kg which is the maximum concentration of Hg in fish tissue at which one meal/week can be 310 


consumed without exceeding the reference dose for Hg, which is a 170 g portion (6 oz), for a 70 kg 311 


individual (Equivalent to 70 ug/kg Hg WV (Mink)).Table I lists the weighted percentile values nationally, 312 


as well as for urban and non-urban subgroups and three eco-regional subgroups and the number of sites 313 


that each subgroup includes.   314 


Human Health Benchmarks.  The percentage and number of river miles of fillet sample 315 


composites exceeding human health benchmarks provides an index of the extent to which fish from 316 


boatable 5th order and higher rivers can be safely consumed by humans.  As stated above, this 300 317 


ug/kg (wet weight) Hg benchmark, contained in the 2001 Water Quality Criterion for the Protection of 318 


Human Health (U.S. EPA, 2001a) represents a Hg exposure equal to the reference dose for Hg from 319 


the consumption of two meals a month.   320 


Based on fish composite samples that exceed the U.S. EPA’s 300 ug/kg human health fish 321 


tissue-based WQC (WQC), an estimated 25.4% of the 13,071 river miles (21,036 km) and a substantial 322 


portion of the resource of U.S. rivers 5th order and above as were sampled in this study.  This 323 


percentage, however, is much lower than the 48.9% (U.S. EPA, 2008) of U.S. lakes found to exceed 324 


this same threshold in the 2000-2003 National Lake Fish Tissue Survey (NLFTS).  This difference 325 


likely reflects distinctions in a number of areas, among them the contrasting nature of rivers vs. lakes 326 


as environments less conducive to methylation, as well as the longer residence time of water in lakes.  327 
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           Another distinction between the findings of this study vs. NLFTS lies in the species included in 328 


the respective sample populations.  In this study, all targeted species were top predators, but included 329 


catfish.  In the NLFTS, bottom dwellers (including catfish) were treated separately.  A more 330 


appropriate comparison may be made between the 48.9% exceedance of the 300 ug/kg human health 331 


fish tissue-based WQC from the NLFTS and the percentage exceedance of the WQC for smallmouth 332 


(25.1%) and largemouth bass (33.4%), which were represented in sufficient numbers to make national 333 


inferences. The weighted average exceedance (national values) of the WQC by the smallmouth bass (n 334 


= 120) and largemouth bass (n = 114) is 29.2%, which represents the best nationally-representative 335 


comparison that can be made between the rivers assessed in this study and the lakes in the NLFTS.  As 336 


described by Scudder et al.,(2009), further characterization of Hg concentrations in fish tissue by land 337 


cover and land use is possible, but cannot be resolved at the sample density of this study on a 338 


nationwide basis.  Whether compared to the percentage exceedance for all fish (25.4%) of largemouth  339 


and smallmouth bass  (29.2%), however, exceedance of the WQC in approximately 25-30% of rivers 340 


represented by the survey is generally consistent with other current compiled assessments of Hg in fish 341 


tissue from U.S. rivers (Chalmers et al., 2010, Scudder et al., 2009) and contrasts markedly with 342 


exceedances of the WQC in fish tissue from U.S. lakes of almost 50% (U.S. EPA, 2008). 343 


The  U.S. EPA’s 300 ug/kg human health fish tissue-based WQC for Hg is the regulatory 344 


threshold emphasized in this paper, and consumption of two fish meals/month with this Hg 345 


concentration is a rate of consumption that is the approximate equivalent of the reference dose (RfD) 346 


for Hg.  For context, the Hg concentration range for one meal/week consumption  is 120-230 ug/kg 347 


and is incorporated in many state fish advisory programs (U.S. EPA, 2011) that the U.S. EPA 348 


promotes and for which it provides guidance (U.S. EPA, 2000b). The threshold above which no 349 


consumption is recommended (940 ug/kg, USEPA, 2000b) is exceeded in these data by tissue 350 


concentrations from only 1.3% (unweighted percentage) of the sample locations. EPA recommends 351 
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that pregnant women and nursing mothers should avoid fish with such elevated Hg concentrations 352 


(U.S. EPA, 2000b).  353 


Sub-group differences.  It is of interest to the U.S. EPA to understand differences in fish tissue 354 


contaminant levels between regions and between urban and non-urban waters.  Three means of 355 


comparison applied here include the application of the z-test as described above, comparisons of the 356 


percentages of waters within each of these subgroups that exceed the U.S. EPA’s 300 ug/kg human 357 


health fish tissue-based water quality criterion, and comparisons of the means and 95th percentile 358 


values for each of the subgroups.   The p-value for the test of a difference between weighted means of 359 


urban and non-urban population subgroups was 0.31 (z = 1.03), indicating no statistical difference 360 


between the means of 5th order and above urban and non-urban river subgroups.  Similarly, when the 361 


means of the ecoregion subgroups were compared, the resulting p values indicate no significant 362 


differences among the three ecoregions: EHIGH vs PLNLOW (z=1.25, p = 0.21), EHIGH vs WMTNS 363 


(z=1.16, p=0.25), and WMTNS vs PLNLOW (z=0.63, p=0.53). 364 


Comparisons of the percentages of weighted river length exceeding the 300 ug/kg human 365 


health fish tissue-based water quality criterion are depicted in Figure 3.  As can be noted, the percent 366 


exceeding and not exceeding this criteria value are generally quite uniform, with the WMTS ecoregion 367 


being the exception.  For all subgroups except the WMTS, the percent of river miles exceeding the 368 


criteria value is in the mid 20 percent range, with the WMTS being the only one that exceeds 30 369 


percent.  Similarly, when means and percentile values across the subgroups are compared (Figure 4), it 370 


can be seen that among the three ecoregions, values for the WMTS exceed those for the EHIGH and 371 


PLNLOW regions for the 75th, 90th and 95th percentile groups.  Also evident from Figure 4 is the fact 372 


that although there is not a statistically significant difference between the means of the urban and non-373 


urban subgroups, the 90th and 95th percentile data for the urban rivers are elevated relative to the non-374 


urban rivers. 375 
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The WMTS is the ecoregion with the smallest number of river locations (n = 71), relative to the 376 


PLNLOW (n = 280) and EHIGH (n = 190).  As such, statistical analysis of the data for the WMTS is 377 


vulnerable to the influence of a few elevated sample values which are inconsistent with the relatively 378 


uniform atmospheric deposition otherwise seen across the ecoregions. A sample location in the WMTS 379 


with one of the highest fish tissue concentrations observed in the study (854 ug/kg) was collected in a 380 


creek draining a large geothermal area in California with a 100-year history of mercury mining (Kagel 381 


et al., 2007). This is the type of local deviation that can mask the pervasive and uniform general 382 


character of Hg occurrence and deposition in the U.S.  The apparent elevation of Hg in fish tissue in 383 


the WMTS suggested by the data in Figure 4 is not borne out by the z-test analysis for significance and 384 


is likely attributable to this and potentially another elevated value (1,272 ug/kg)  among the data from 385 


the Willamette River in OR near areas where historical gold mining occurred. 386 


Differences in Hg Concentration among fish species.  As has been observed in other studies 387 


(U.S. EPA, 2008; Peterson et al. 2007; U.S. EPA 2003), Hg content of fish tissue is dependent upon 388 


fish species, size, and trophic level.  In this study, weighted Hg concentrations were markedly higher 389 


for waters represented by composite samples of predatory species (e.g., largemouth bass, mean Hg = 390 


347 +/-22 ug/kg) than by bottom dwellers (e.g., combined catfish, mean Hg = 143+/-10 ug/kg.)  Figure 391 


5 depicts the percent of river miles with species and species groups that exceeded and did not exceed 392 


the 300 ug/kg human health fish tissue-based WQC. Relative to higher (although not significantly so) 393 


Hg fish tissue concentrations in the urban river data, the percent  of river miles with combined 394 


smallmouth and largemouth bass samples were higher in the urban sub-group compared to the non-395 


urban (43.8% vs 36.1%).  Conversely, combined catfish species constituted 32.7% of the river miles 396 


analyzed from non-urban sites vs. only 17.3% from urban river sites (Figure 6).   397 


Scudder et al. (2009) determined that Hg concentrations in fish tissue from largemouth bass 398 


from mixed use or undeveloped basins were higher than from urban basins, comparable to non-urban 399 
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and urban subgroups discussed here.  Non-weighted data from this study exhibit a similar distribution, 400 


but the smaller n of the portion of the subgroup that is itself a subgroup is insufficient to draw a 401 


national inference.  The design of this study is focused on nationally-representative indices of 402 


assessment, and this comes at the expense of the ability to resolve distinctions beyond the primary sub-403 


populations described- ecoregions (3), urban vs. non-urban sites, and the species included in Figure 5. 404 


Of further interest relative to the discussion of urban/non-urban Hg fish tissue concentrations, 405 


however, may be the predominance of the percentage of bass species over catfish in the urban waters 406 


noted above when compared to near parity of the species groups in non-urban waters (Figure 6).  If the 407 


tissue of largemouth bass in urban areas is lower in Hg, there are also more of them relative to catfish 408 


species than in the non-urban areas, potentially affecting the combined impact of both species and 409 


urban/non-urban differential effects.  Although not derived from weighted statistics, this factor 410 


suggests a possible explanation for the inconsistency between Scudder et al. (2009), Chalmers et al., 411 


(2014) among others, and this analysis.  As mentioned earlier, because of the weighted probabilistic 412 


nature of the sample design, results from this study may differ from those employing other sample 413 


design methods (Peterson et al.,1998).  Because of the unequal probability of any single sample being 414 


in the sample set, methods of comparison other than those employed for these data (Z-Test) are not 415 


valid. 416 


Exceedances of WVs. The data from this study can also be interpreted with respect to the risk 417 


posed to piscivorous wildlife.  Overall, fillets represent approximately 62% of the whole fish Hg 418 


concentration.  Therefore, where fillets have Hg concentrations at or about 300 ug/kg, the dose to birds 419 


and mammals will be approximately 186 ug/kg. Whereas the primary health risk of Hg exposure to 420 


humans is neuro-developmental damage to unborn fetuses, Hg has been shown to threaten the survival 421 


of piscivorous wildlife  (Lazorchak, et al., 2003).  According to the exposure scenario defined above, 422 


bald eagles and loons (WV = 160 and 180 ug/kg, respectively) will have similar risk levels relative to 423 
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the applicable thresholds as humans consuming fish containing 300 ug/kg of Hg.  Differences in 424 


species sensitivities to Hg consumption are emphasized by comparing mink to otter. Mink will be more 425 


at risk using the lower one meal per week (fillet) human threshold of 120 ug/kg (WV = 70 ug/kg), and 426 


the translated risk to otters will be intermediate between the human risk values in that their WV is 100 427 


ug/kg.  These values can also be compared to the data distribution depicted in Figure 2.   428 


IV.  Conclusions 429 


With respect to human health thresholds, we have presented the following findings: 430 


• All (100%) of the 541 fish fillet samples analyzed for Hg content for this national study 431 


contained quantifiable levels of Hg above the 3.33 ug/kg reporting level for the method. 432 


•  Nationally, an estimated 25.4% of river miles exceeded the EPA human-health fish tissue-433 


based water quality criterion (WQC) for Hg of 300 ug/kg.  This precentage represents 13,071 434 


river miles (21,154 km) out of a total of 51,663 miles (83,143 km) of U.S. rivers of 5th order 435 


and greater included in the sampled population.   436 


• The human health threshold exceedance data from this study also yields an estimate of risk of 437 


exposure to aquatic bird and mammal species from consumption of fish by the use of a 438 


correction factor for the relative Hg content of fillet tissue, normally consumed by humans, vs. 439 


the content of whole fish as are consumed by wildlife.  Risk to piscivorous avian species are 440 


similar to risks for humans at 300 ug/kg (two meals per month level of consumption), whereas 441 


mink are more at risk than the avian species cited (and humans) when compared to the lower 442 


human one meal per week (fillet) threshold of 120 ug/kg. 443 


• No statistically-significant differences were seen between waters sampled in urban and non-444 


urban rivers, although the mean and 95th percentile values for urban rivers are elevated relative 445 


to non-urban rivers and all U.S. rivers. 446 
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• Although the percentage of river miles exceeding the 300 ug/kg criteria value was relatively 447 


higher in the WMTS ecoregion than any other of the sub-regional data groupings (>30% vs 448 


~25%, respectively), and the mean and 90th and 95th percentile values for the WMTS appear 449 


elevated relative to other subgroups, the z-test for statistical significance did not refute the null 450 


hypothesis at greater than the 95% confidence level (69%).  The apparent elevation of the 451 


WMTS subgroup may be attributable to its smaller sample size in conjunction with one or more 452 


locally high fish tissue concentration values associated with local geologic Hg sources, as 453 


opposed to fish tissue concentrations related to atmospheric deposition that the findings of this 454 


study suggest do not vary significantly across the nation. 455 


 456 


 This study establishes a national baseline for Hg concentration in fish tissue from U.S. rivers 457 


5th order and greater and compares those concentrations to human health and piscivorous wildlife 458 


thresholds.  Hg concentrations in fish tissue from all areas of the country represent consumption risks 459 


to both humans and piscivorous wildlife in fish collected from approximately a quarter of the river 460 


miles.  Furthermore, sensitivity to Hg exposure was greater for some aquatic species populations than 461 


the risk to humans at a given concentration. 462 


The lack of a statistically-significant difference between fish tissue concentrations from urban 463 


vs. non-urban areas and among ecoregions is consistent with the ubiquitous nature of Hg 464 


contamination and its primary mechanisms of atmospheric transport and deposition.  Differences in the 465 


representation of species in urban vs. non-urban rivers in this study may dampen variation seen by 466 


others (e.g., Scudder et al., 2009) between Hg concentrations in some species in urban vs non-urban 467 


sites.   The observed distinction in these results may also be attributable to the statistical methods of 468 


this study which result in national inferences that may not reflect specific local or regional conditions.              469 


              470 
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Table I.  River length estimates and group percentile and mean estimates for mercury concentration   660 


(Hg ww ug/kg) 661 


Statistic National 
n =541 


Non-Urban 
n =379 


Urban 
n=162 


EHIGH 
n =190 


PLNLOW  
n =280 


WMTS 
n =71 


River Miles 51,663 40,752 10,911 14,738 29,739 7,186 
River km 83,145 65,584 17,559 23,718 47,861 11,564 
5th% ile 37.2 34.6 61.7 45.6 37.2 31.5 
25th % ile 96.2 90.9 114.8 100.5 99.7 81.4 
50th % ile 175.6 170.5 200.6 176.0 180.1 125.3 
75th % ile 302.7 302.6 309.1 274.8 298.8 346.1 
95th % ile 583.6 578.8 803.3 535.2 578.8 854.1 
Mean 228.9 223.3 250.2 210.0 231.4 257.5 
Maximum 
Observed 


1,419 1,419 854 854 1,419 1,272 
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 664 


665 


Figure 1. National Map of NRSA 2008666 


within National Aquatic Resource Survey Ecoregions667 


668 


 669 
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1. National Map of NRSA 2008-2009 Sampling Locations (n=541)
within National Aquatic Resource Survey Ecoregions 
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 704 
 705 


Figure 3. Percentage of river miles by subgroup exceeding or not exceeding 706 


EPA’s 300 ug/kg human health fish tissue-based Water Quality Criterion 707 
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 710 
 711 


Figure 4.  Estimated Percentile Values (with 95% confidence limits) for Subgroups with Human 712 


Health and Wildlife Value Thresholds 713 
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Figure 5. Percentage of river miles by species720 


fish tissue721 
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 726 


Figure 6.  Relative percentages of river miles with Catfish and Bass 727 


     Species in Urban and Non-urban  Waters 728 
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Title 
Page 


    Global   1 


Summary/Recommendation:  I think 
this study is an important addition to 
the assessment of the potential impact 
of mercury on human and wildlife 
health from fish consumption in the US.  
Over-all it is organized and well written. 


We appreciate the 
positive comment. 


No action needed. 


Global     Global   1 
 It does need to be edited to fix the 
References and other possible errors, 
and to improve clarity for the reader. 


We agree with the 
reviewer's 
suggestion. 


Substantial edits 
made to the 
document, 
including a close 
re- review of the 
references. 


Global     Global   1 


Originality:  This research is not strictly 
original.  Others have measured and 
discussed mercury concentrations in 
fish from US rivers and streams.  
However, it is sufficiently interesting 
and relevant to developing a national 
assessment of potential mercury 
impacts on water quality and human 
and wildlife health via fish consumption 
that it should be published. 


The authors believe 
that the data 
presented represent 
the first nationally-
representative 
assessment of Hg 
concentrations in fish 
fillet tissue from U.S. 
rivers =>5th order  
based on a 
randomized sample 
selection paradigm.  
This survey employed 
single-lab analyses of 
samples collected 


No action needed. 


*Revision Notes
Click here to download Revision Notes: Respnse to reviewersCHEM3330710-28-14.docx



http://ees.elsevier.com/chem/download.aspx?id=1215524&guid=4b6286cf-bbc7-4e25-87e3-e94ef70f74ed&scheme=1





and processed 
according to 
standardized 
protocols and QA 
procedures across 
the lower 48 states.  
Although the results 
of the survey are 
generally consistent  
with the results of 
surveys conducted 
using other sample 
selection methods, 
that is not the case in 
every respect , and 
differences in results 
among surveys with 
varying 
methodologies have 
been demonstrated 
(Peterson, et al., 
19XX). 


Global     Global   1 


The random sampling method used in 
this research yields a more statistically 
representative sample that is useful for 
characterizing the condition of streams 
and rivers at a national level.  Other 
studies have used somewhat different 
sampling for different purposes.   


We agree with the 
reviewer's 
characterization.   


No action needed. 







Title 
Page 


(1) 
11 Title 12 12 1 


Title:  The title describes the raw data 
but it does not address the comparison 
of the results to human and wildlife 
health thresholds and statements 
about the national condition of rivers 
and streams.  I suggest the authors 
consider a title that incorporates 
something about the probabilistic 
sampling and analysis method and/or 
assessing the national condition of 
rivers and streams.   


We agree with the 
reviewer's 
suggestion. 


Title Changed to: 
A National 
Statistical Survey 
Assessment of 
Mercury 
Concentrations in 
Fillets of Fish 
Collected in the 
U.S. EPA National 
Rivers and 
Streams 
Assessment of the 
Continental USA. 


2 
47,52-


58 
Abstract 53-59 52-56 1 


Abstract:  The abstract doesn't capture 
the whole article, and is short on 
explanation and some detail.  In line 
47-48 it would be helpful to the reader 
if rivers ≥5th order were also identified 
as "boatable," which is used elsewhere 
in the paper.  Line 49 introduces the 
human health impacts as a something 
addressed in the study, but in line 52, 
where the 300 ug/kg human health 
threshold is introduced, it is not 
defined or identified as relevant to 
human health.  Some readers will be 
left to wonder why this value is 
important.  On-the-other-hand, no 
thresholds are included in the 
discussion for wildlife.  The human 
health and wildlife impacts should be 
discussed in a consistent way in the 
abstract.  


We agree with the 
reviewer's 
suggestion. 


Text in the 
abstract modified 
to accommodate 
reviewer's 
suggestions. 







3, 4   
Introduc
tion 


89,114-
117 


84, 108-
110 


1 


Later in the report the authors base 
their discussion on "the relative 
uniformity of atmospheric deposition" 
of mercury (line 325).  This may be 
"relatively" true, but it would help if 
they laid the foundation for this 
statement in the Introduction and 
provided a reference.   


We agree that an 
additional reference 
is appropriate.  


Additional 
reference, Driscoll 
et al., 2013,added. 


6   


Material 
and 
Method
s 


160-167 153-158 1 


Material and Methods: The basic 
methodology for design and site-
selection is well explained except for 
why the sampling frame was divided 
into urban and non-urban sampling 
locations.  This distinction is typically 
not very important for mercury 
concentrations in fish.  This distinction 
would be most important to the results 
for organic chemicals that will be 
reported later.  I would consider 
acknowledging this.   


We agree with the 
reviewer's 
suggestion. 


Additional text 
inserted line 153-
158. 


9   


Material 
and 
Method
s 


224-227 216-220 1 


Consider providing more information 
on the actual sizes (e.g., ranges) of fish 
collected as part of the Methods and 
possibly in the discussion.  Mercury 
concentration in many species is a 
highly correlated with size (length).  I 
hope that the samplers had more 
quantitative instruction on sizes of 
different species to be collected than 
"sufficiently large to provide adequate 
tissue."   


We agree with the 
reviewer's 
suggestion. 


Additional text 
inserted lines 216-
220, including 
lengths for non-
urban and urban 
fish, immediately 
follow the most 
important  length 
related study 
aspect- the 
requirement to 
have uniformly-
sized fish in the 
composite. 







8   


Material 
and 
Method
s 


209-220 200-211 1 


Consider providing more information 
on how target species were selected 
for each site.  As I understand the 
method, only one species is collected at 
a site; and this collection represents a 
weighted portion of an entire water 
body and the US.  The mercury 
concentrations are likely to vary greatly 
between predator and non-predator 
species.  How did the samplers know 
which to get?  Do they have two or 
more options and they get the most 
abundant species?  Or do they have 
one assigned option?  Is it always the 
highest trophic level species?  Some 
information should be added on how a 
representative sampling of species was 
obtained.   


We agree with the 
reviewer'sperceived 
need for clarification. 


Additional text 
inserted 
describing the 
species selection 
process exercised 
in the field. 


11 
226-


227,34
3-347 


Material 
and 
Method
s 


294-296 275-276 1 


Consider moving the Peterson et al. 
fillet to whole body equation and 
conversion factor into the Methods 
section (lines 226-228) rather than in 
the discussion on page 14 (lines 343-
347).  It seems more appropriate here.  
It appears that the regression equation 
was simplified to a 62% factor.  Is this 
the case?   


We agree with the 
reviewer's 
suggestion. 


Translation 
formula was 
moved into the 
methods section 
from the (lines 
275-276)  







12 
232-
243 


Results 
and 
Discussi
on 


313-314 294-295 1 


Consider focusing on the lengths of 
rivers included in the study in this 
section and reducing discussion of 
lengths that had to be excluded (lines 
232-243).  Perhaps that is a result that 
is only determined after samplers 
report.  It may be critical for over-all 
interpretation but it is not interesting 
detail.  What was the final number of 
miles excluded?  


Having considered 
the language in the 
section the reviewer 
referred to, the 
authors respectfully 
maintain that this 
information provides 
an important 
perspective on the 
limitations of this and 
similar studies.  
Problems with 
landowner access, 
state permitting, and 
non-boatable 
reaches at the time 
of sampling limited 
the scope of the 
study, and this 
section constitutes at 
least appropriate 
disclosure for these 
limitations. 


Final numer of 
miles (95,803) and 
km (152, 801) not 
included in the 
study for the 
reasons given 
included in the 
section (lines 294-
295). 


14   


Results 
and 
Discussi
on 


354-370 329-344 1 


Consider identifying whether the 
species sampled from urban and non-
urban rivers were similar.  Differences 
might impact the results.  Try to rule 
out bias.   


We agree with the 
reviewer's suggestion 
to the extent that the 
data support. 


 Counts were 
made of LM and 
SM bass species 
and total catfish in 
the urban vs non-
urban samples, 
and these data are 
presented in the 
Differences in Hg 
Concentration 
among fish 







species subsection 
in the Results and 
discussions 
section(lines 329-
344) , and in 
Figure 6. 


12, 13 
257-
269 


Results 
and 
Discussi
on 


321-
322, 


328-329 


302, 
309 


1 


The benchmarks are not always clearly 
identified in the discussion. 
* Line 257, clearly indicate that the 300 
ug/kg criterion is for 2 meals/month.   
* Line 269, identify that the benchmark 
references being used is 300 ug/kg.   


We agree with the 
reviewer's 
suggestion. 


Text added to 
clarify 2 
meals/month and 
specify 300 ug/kg 
Hg (Lines 302, 
309). 


14 
272-
280 


Results 
and 
Discussi
on 


354-370 329-344 1 


While I agree that lakes and rivers are 
different methylation environments it 
seems that species differences that 
could also contribute to the difference 
in exceedances discussed in lines 272-
280.   


Discussion of species 
in NFLTS and NRSA. 
We agree with the 
reviewer's suggestion 
and that some 
further discussion 
and clarification is 
warranted. 


A comparison is 
made of species 
and exceedances, 
lines 329-344. 







14-15 
281-
292 


Results 
and 
Discussi
on 


376-385 345-354 1 


Lines 281-292: this discussion can be 
hard to follow for those unfamiliar with 
the USEPA thresholds and ranges 
within meal frequency categories.  The 
exact range for one meal per week is 
120-230, but there are hazard-based 
ranges for three and two meals per 
month too.  States that jump from one 
meal per week advice to one meal per 
month at the 230 "threshold" are 
probably doing so for simplicity of 
messaging.  I think this statement (line 
289-290) is incorrect: "Above this 
threshold [230] consumption is 
recommended to be less frequent than 
one meal per month and EPA 
recommends [my paraphrase, certain 
population avoid fish above 230]"  It 
should be "one meal per week."  You 
already stated that most states 
recommend exactly one meal per 
month beyond 230, not no 
consumption.  Or do you mean that the 
states use 230 as the threshold for 
recommending one meal per month 
and USEPA uses it in the National 
Advisory for do not consume/avoid?  
Since you focus your interpretations in 
this study on thresholds at 300 and 120 
is this discussion about the 230 value 
important for your conclusions?  


We agree that the 
section needs 
clarification and that 
the 230 ug/kg level is 
not supported by the 
statistical screens 
conducted of the 
weighted fish tissue 
data. 


Substantial 
changes made 
lines 345-354. 







16-17 
299-
300 


Results 
and 
Discussi
on 


439-
462, 


497-500 


399-
417, 


462-463 
1 


Line 299-300, Scudder et al., 2009, 
USGS, found a significant difference for 
largemouth bass between urban and 
non-urban rivers.  In their study the 
non-urban rivers were higher.  I 
wonder if this difference is due to 
species differences.  Consider noting 
the difference between studies here or 
in lines 312-314. I am not convinced by 
"anecdotal evidence" that "higher" 
urban levels of mercury are due to 
POTWs and industrial sources of 
mercury creating hoter spots in the 
uniform atmospheric deposition of 
mercury. Given the low resolution local 
information in this study this is fairly 
speculative.  This might better be seen 
in local TMDL studies.   


We agree with the 
reviewer's suggestion 
that both these 
sections would 
benefit from further 
clarification . 


Further discussion 
is included on 
urban/non urban 
and species 
differences- lines 
399-417 and 462-
463, along with 
the addition of a 
new Figure 6. 


16 331 


Results 
and 
Discussi
on 


430 387 1 


Line 331, others have found higher 
levels of mercury in streams in mercury 
and gold mining areas in WMTS.  The 
difference may not be significant but 
mining is important to mercury levels in 
WMTS. The Geysers geothermal area is 
also in a mercury rich area.  What 
about the other elevated value that 
you don't name?  Is it in mining area?  
It seems worth acknowledging this local 
source if it mining.   


We agree with the 
reviewer's 
observation and 
tracked down the 
context of the other 
elevated value. 


We tracked down 
the other value 
and revealed it in 
line 387. 







16-17 
333-
336 


Results 
and 
Discussi
on 


439-462 394-417 1 


Lines 333-336, "in this study, weighted 
Hg concentrations were markedly 
higher for water represented by 
composite samples of predatory 
species … than bottom dwellers."  OK, 
there is a species effect.  Which water 
bodies?  Can you show this in a table or 
figure?  How many weighted miles are 
represented by predators, bottom 
dwellers, and trout/salmonids?  Are 
these species groups equally 
distributed between sub-group 
regions?  Can you show that in sub-bars 
(e.g. Fig 4) for the species in Fig 5?  


The percentages of 
sampled sites in non-
urban and urban 
waters where the 
sampled species 
were catfish or bass 
are indicated in a 
new Figure 6.  Given 
that no statistically-
significant difference 
was demonstrated 
between the two 
subgroups, delving 
into the species-by-
species 
concentrations may 
not be productive, 
and would not be 
supported by the 
small resulting  n for 
the sample groups.  
For organic analytes, 
there was a 
significant difference 
for some but not all 
of the assessed 
compounds (PCBs, 
PBDEs, Chlordane, 
DDT, and other 
pesticides.  That 
paper is in 
preparation.  


The additional 
elucidation that 
can be provided 
on the question 
raised by the 
reviewer is 
included in lines  
394-417. 


17 
350-
355 


Results 
and 


474 423 1 
Lines 350-355, provide references for 
the wildlife values you introduce here.   


We agree with the 
reviewer's 


Citation added 
line 423. 







Discussi
on 


observation  


19 
380-
382 


Conclusi
ons 


507-509 454-456 1 


Lines 380-382, "the apparent elevation 
of the WMTS subgroup may be 
attributable to its smaller sample size in 
conjunction with one or more 
anomalously high tissue concentration 
values associated with local Hg 
sources."  I would not consider WMTS 
local source values anomalous when 
they are associated with local sources.  
I would consider that it shows that local 
sources can be important above and 
beyond atmospheric deposition.  Isn't 
that what you proposed for high urban 
mercury values?  We just don't always 
see statistical significance, especially 
with unequal samples sizes.  


We agree with the 
reviewer's concern 
for the meaning 
conveyed. 


Changes made to 
clarify the 
statement, 
selected a word 
other than 
"anomalous" and 
underscore the 
distinction being 
made between 
the local variation 
being observed 
and the relative 
uniformity 
otherwise 
characterizing the 
data , lines 454-
456. 


19 
387-
389 


Conclusi
ons 


514-515 454-456 1 
Lines 387-389, I found this discussion 
awkward.  See if you can restate.  


We agree with the 
reviewer's 
observation  


Clarified text, lines 
454-456. 


27   
Figures 
and 
Tables 


    1 


Fig 2: I suggest labeling the x-axis 
mercury concentrations as ug/kg fillet 
ww.  Then state in the "threshold label 
boxes" that the human health values 
are equivalent to a wildlife XXX ug/kg 
whole body concentration.  Also are 
these weighted Hg concentrations? 


We agree with the 
reviewer's 
suggestion. 


Changes made to 
Figure 2 
consistent with 
reviewer's 
suggestion. 







29   
Figures 
and 
Tables 


    1 


Fig 4: Check on the key to the left of 
the graphic.  It moved around when 
printed, got garbled, and was missing a 
label for the eagle/loon threshold.  On 
this graphic why are the wildlife values 
not on the same line as respective 
human health values in Fig 2?  If these 
lines move does that impact your 
assessment and discussion?  I may be 
missing the difference here, but you 
should make it clear why these two 
figures show the thresholds differently.  


We followed up on 
the reviewer's 
concern. 


Technical issues 
with Figure 2 and 
4 have been 
addressed.  The 
figures are  also 
provided as PDFs 
for image stability. 


16   
Figures 
and 
Tables 


439-462 394-417 1 


Fig 5: as noted earlier I would be 
interested in a region sub-group or 
urban/non-urban version of this 
species figure.   


While we appreciate 
the desire of the 
review for a higher 
degree of resolution 
of the data, the 
design of this study is 
focused on 
nationally-
representative 
indices of 
assessment, and this 
comes at the 
expense the ability to 
resolve distinctions 
beyond the primary 
sub-populations 
described- 
ecoregions (3), urban 
vs. non-urban sites, 
and the species 
included in Figure 5.  


No action taken 
with regard to this 
particular 
comment, but text 
in lines 394-417 
addresses this 
issue. 







21   
Referen
ces 


  494 1 


References: double check all references 
in the Reference list and in the text.   
USEPA, 2000 is cited in several places.  
It is not listed in the References. 
Several references in the text either 
were given the wrong date, or a 
reference with the same authors for 
that date is missing in the Reference 
list.   


We followed up on 
the reviewer's 
concern. 


  


4   Global 114-115 108-110 2 


In general, the study has the potential 
to contribute to the very large 
literature on Hg in freshwater systems, 
however, the authors while 
contributing their data and analysis do 
not compare their results adequately to 
the many other studies conducted on 
similar systems. In fact, there was only 
mention of the many studies 
conducted by the USGS on mercury in 
rivers of the US.  The introduction is 
very under-cited suggesting that the 
authors have not delved into the Hg 
literature adequately. In addition, the 
Results and Discussion section of this 
study were not much more than results 
in that very little discussion was made 
of the study results in the context of 
the vast literature on Hg in riverine 
systems. And the final Conclusions 
were also a repeat of the results. The 
paper needs to be placed in the context 
of the existing literature in order for its 
contribution to the field to be revealed. 


While the point is 
taken by the authors 
that the context of 
the current study 
could have been 
more fully expressed 
in the paper, the 
wealth of literature 
on the subject of Hg 
deposition, 
transport, and 
impacts is broadly 
cited, and the 
authors have little to 
add to this body of 
knowledge that has 
not already been 
summarized.  
Reference now made 
in the revised version 
to treatments of the 
subject matter (e.g., 
Driscoll et al., 2013) 
that more fully 


Additional 
appropriate 
reference 
inserted. 







This has not been accomplished by the 
authors in the current version of this 
paper. 


discuss this context 
aspect that would be 
appropriate for this 
paper.  Furthermore, 
word count guidance 
from the publisher 
was and is an issue. 


6 72-126 
Introduc
tion 


160-167 153-158 2 


Introduction: The first 4 paragraphs of 
the introduction are very general and 
really could be reduced to one 
paragraph. They do not help to 
"funnel" the reader down to the focus 
of this study. 


The authors believe 
that most readers 
expect a certain 
amount of general 
background 
information on the 
topic and the issue(s) 
being addressed.  We 
agree, however, that 
some funneling is 
appropriate and 
include additonal 
language to that end. 


Additional text 
providing 
"funneling" 
language is 
included in lines 
153-158. 







3 73 
Introduc
tion 


89-92 79-86 2 


Line 73. While the Amos paper is an 
appropriate reference for the general 
statement about humans increasing 
atmospheric Hg concentrations, there 
are many references for this and a few 
more should be listed.  


We agree with the 
reviewer's 
suggestion. 


Additional 
references have 
been added to the 
introduction lines 
79-86. 


3 74 
Introduc
tion 


80-82 77-79 2 


Line 74. While fossil fuel combustion is 
the predominant sources of Hg in the 
US, the UNEP 2012 report indicates 
that artisanal scale gold mining is an 
equally large if not greater source 
globally. 


We agree with the 
reviewer's 
suggestion. 


Added reference 
and citation 
added at lines 77-
79. 


3 77 
Introduc
tion 


    2 
Line 77. Remove hyphen in "bio-
accumulates". 


Editorial 
recommendation is 
appreciated. 


Hyphen removed. 


3 78 
Introduc
tion 


80-
82,89-


92 


78, 84-
86 


2 


Line 78. Again, while Sunderland et al. 
2009 is a reasonable citation for this 
general statement, there are also many 
others, some of which should be cited 
here. 


We agree with the 
reviewer's 
suggestion. 


Added reference 
and citation 
added at line 84-
86. 


3 83,86 
Introduc
tion 


89-92 84-86 2 
Line 83, 86. These general statements 
are also under-cited. 


We agree with the 
reviewer's 
suggestion. 


Added reference 
and citation 
added at line 84. 


4 91 
Introduc
tion 


101 96 2 Line 91. Remove double space. 
Editorial 
recommendation is 
appreciated. 


Space removed at 
line 96. 


4 97,98 
Introduc
tion 


110 104 2 
Line 97, 98. These two general 
sentences need citations 


We agree with the 
reviewer's 
suggestion. 


Additional citation 
added at line 104. 


4 100 
Introduc
tion 


114-117 108-110 2 


Line 100. This is an over-simplistic 
statement about the mechanisms of 
wet and dry deposition on surface 
waters. This varies enormously across 


We agree with the 
reviewer's 
suggestion. 


Addedtext and 
citation added 
lines 108-110. 







systems and there are many other 
studies besides such an old reference 
as the EPA 1997 report. 


5   
Introduc
tion 


128 121 2 Line 111. This fact should be cited. 
The applicable 
reference is at the 
end of the sentence. 


No action taken. 


6 
126-
131 


Introduc
tion 


146-150 138-143 2 


Lines 126-131. While some of the USGS 
studies are mentioned in this 
paragraph, nothing is mentioned to 
distinguish the approaches of the two 
agencies and nothing about the 
findings about "patterns and 
mechanisms" identified in the USGS 
studies is mentioned here.  


We agree with the 
reviewer's 
suggestion. 


Additional 
discussion and 
citation added 
lines 138-143. 


7 138 
Introduc
tion 


179-186 170-181 2 


Line 138. There is not prior discussion 
in the introduction as to why it would 
be important to compare urban to non-
urban systems. This could have been 
discussed in the previous paragraph 
from some of the findings of Chalmers 
et al. 2011 and 2014, the latter of 
which should be cited by the authors 
(Environmental Pollution 192 (2014) 
104-112. 


We agree with the 
reviewer's 
suggestion. 


Additional 
discussion and 
citation added 
lines 170-181. 


9 181 


Material
s and 
Method
s 


232-239 221-229 2 


Line 181. The pooling of fillets with the 
skin left on is not always the standard 
approach for fillet samples taken for Hg 
studies. This may make it problematic 
to compare the data to other studies in 
which skinless fish fillet Hg 
concentrations are reported. I assume 
that this was done to capture the 
exposure to other organic 


We agree with the 
reviewer's 
suggestion. 


Additional 
discussion and 
citation added 
lines 221-229. 







contaminants. This aspect of this study 
needs to be mentioned and discussed 
more thoroughly.  


13 
253-
262 


Results 
and 
discussi
on 


321,328 313-321 2 


Line 253-262. This paragraph is really 
the text that should be in the figure 
legend. The description of the results in 
this figure and the discussion of the 
result needs to be developed much 
further.  


We agree with the 
reviewer's 
suggestion, although 
the authors are 
attempting to be 
parsimonious with 
words. 


The legends in 
Figure 2 were 
clarified and 
expanded to 
address this 
comment and 
reference in  text 
added lines 313-
321. 


16-17 
263-
266 


Results 
and 
discussi
on 


439-462 399-417 2 


Lines 263-266. This text is also more 
appropriate in a table legend. The 
"results" need to describe what the 
data show and the "discussion" needs 
to put it in the context of the Hg 
literature. 


We agree with the 
reviewer's 
suggestion. 


Additional 
discussion of the 
findings of this 
study vs other 
cited studies is 
discussed at some 
length in lines 
399-417. 


16-17 
279-
280 


Results 
and 
discussi
on 


439-462 399-417 2 


Lines 279-80. This is one of the few 
references to the USGS studies on Hg in 
stream and rivers. There needs to be a 
more substantive discussion of the 
similarities and differences between 
the results of this study and the 
Chalmers study. 


We agree with the 
reviewer's 
suggestion. 


Additional 
discussion of the 
findings of this 
study vs other 
cited studies is 
included in lines 
399-417. 


          2 
Line 284. This mention of "Other 
analyses of the data" begs the question 


The range was not 
considered a 


No action taken. 







as to why these were not included. threshold 
appropriate for a 
weighted statistical 
screen of the data. 


16 
281-
283 


Results 
and 
discussi
on 


421 377 2 
Lines 281-283. This sentence is 
redundant with Line 267. 


We agree with the 
reviewer's 
observation. 


The two mentions 
of this fact are 
combined and 
expanded. 


14-15 292 


Results 
and 
discussi
on 


383-385 350-354 2 


Line 292. This line stating that only 
1.5%of waters exceeded the 230 µg/kg 
EPA threshold does not seem 
compatible with the earlier statement 
that 25.4% of river miles exceeded the 
300µg/kg threshold.  


We agree with the 
reviewer's 
observation. 


The authors 
appreciate the 
identification of 
an editing error, 
which has been 
corrected. 


15   


Results 
and 
discussi
on 


396 363 2 
Line 299. This should say "no statistical 
difference". 


We agree with the 
reviewer's 
suggestion. 


Text change line 
363. 


16-17 
315-
322 


Results 
and 
discussi
on 


439-462 399-417 2 


Line 315-322. There is no discussion 
here about the contrasting results of 
other studies in which Hg in fish is 
lower in urban than non-urban areas. 
This needs to be addressed in this 
discussion. In both the northeast and 
the Great Lakes regions, Hg in fish 
increases with forested land use and 
decreases with urban land use. This 
results of this study do not agree with 
this. Why? 


We agree with the 
reviewer's 
suggestion. 


Additional 
discussion of the 
findings of this 
study vs other 
cited studies is 
discussed at some 
length in lines 
399-417. 







16 
323-
326 


Results 
and 
discussi
on 


    2 


Lines 323-326. Since the authors note 
that the high WMTS fish concentrations 
are likely due to a few elevated sample 
values, why were the outliers not 
removed and the analysis repeated? 
Perhaps an outlier test should have 
been done.  


The reviewer's point 
has merit, but the 
outliers that are 
legitimate values 
must be included 
when doing 
population 
estimates.  They are 
part of the 
population, just have 
extreme values.  
With that said, they 
can significantly 
impact mean 
estimates or extreme 
percentile estimates, 
which they do for 
WTMS.  To exclude 
them implies that we 
are excluding all 
rivers that have 
extreme values, 
which is not 
representative.  Hot 
spots exist, and we 
sampled two among 
this relatively modest 
WMTS random 
sample popultaion. 


No action taken 


7   


Material
s and 
Method
s 


180 174 2 


Lines 393-397. This separate section on 
additional analyses is not necessary 
here. The additional analytes could be 
mentioned in the methods.  


We agree with the 
reviewer's 
suggestion. 


Text deleted and 
new text  inserted 
into discussion to 
explain 
urban/non-urban 







distinction. 


26   
Figures 
and 
Legends 


    2 


Figures and Legends 
In general, the legends could have 
more information much of which is in 
the text of the results. 


We agree with the 
reviewer's suggestion 
in some instances 
and in others, 
locating figures 
proximal  to 
explanations in the 
text will address this 
comment. 


Changes have 
been made to 
Figure 2. 
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